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ABSTRACT 


This  report  presents  the  results  of  an  attempt  to  propose  a  basi3 
for  an  error  theory  of  conjoint  measurement  methodology.  Conjoint 
measurement  methodology  offers  a  new  and  potentially  useful  approach 
for  obtaining  psychological  scale  values  for  components  of 
multidimensional  attributes.  This  report  describes  the  mathematical 
foundations  of  this  methodology  as  well  as  a  means  of  evaluating  the 
fit  of  an  additive  conjoint  measurement  model  to  a  three  factor 
design.  For  each  of  the  critical  axioms  of  conjoint  measurement, 
proportions  of  errors  that  would  be  expected  by  chance  for  different 
conditions  of  simple  independence  are  examined.  In  addition,  a 
computer-based  algorithm  that  can  be  used  to  perform  specific  kinds 
of  conjoint  analysis  has  been  generalized  and  documented  as  a 
technique  for  assessing  the  fit  of  an  additive  model  to  a  set  cf 
data.  The  program  is  called  SUAT  and  its  currect  state  of 
development  is  described  in  this  report.  Finally,  the  appendices 
provide  a  step-by-step  explanation  of  data  deck  arrangements  fer 
SUAT  as  well  as  some  actual  printouts  from  the  program.  _ 
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There  are,  of  course,  many  composition  rules  that  nigh..  be 
hypothesized  in  psychological  theories.  The  simplest  such  rule  is 
an  additive  one  which  suggests  that  the  independent  variables 
combine  in  an  independent  additive  fashion  to  produce  the  joint 
effect.  For  example,  let  be  a  level  of  Factor  A^ ,  a2 

be  a  level  of  Factor  k^,  and  a,  be  a  level  of  Factor  A,. 

Ue  might  hypothesize  that  the  joint  off  acts  of  these  three  factors 
could  be  described  as 


f(e^,a2,e^)  =  f^(a^)  -r  fjCag)  ■*  f^Ca^) 


where  f,  f^,  and  f,  are  separate  and  identifiable 

numerical  functions.  Additive  models  lihe  the  three-factor  model 
illustrated  in  Equation  1  have  been  and  continue  tc  be  an  important 
part  of  many  psychological  theories.  Until  recently,  however,  even 
for  this  simple  model,  there  has  not  been  a  satisfactory  means  by 
which  one  could  simultaneously  estimate  all  four  of  the  !,fn 
functions  above.  Conjoint  measurement  theory  provides  a  means  to  do 
this  and  herein  lie3  its  power.  Just  as  important,  however,  is  the 
result  of  the  theory  which  indicates  that  only  ordinal  relations  arc 
required  among  the  data  points  in  order  to  produce  resultant  scales 
unique  up  to  an  affine  transformation.  The  implications  of  this 
result  will  become  more  apparent  following  the  presentation  of  the 


basic  theory  of  conjoint  measurement  in  Section 


■action  * _ i 


then  reviews  some  of  the  literature  examinin'  the  conjoint 
measurement  axioms.  Then  in  Section  IV,  the  findings  from  the 
present  research  are  reported.  Finally,  Section  V  discusses  sc:.;o  of 
the  implications  of  this  research  and  suggestions  for  further  study. 


II.  FOUNDATIONS  QL  conjoint  measurement 


Prior  to  an  introduction  to  the  mathematical  foundations  of 
conjoint  ueasureiaent  it  might  be  useful  to  review  two  terns  that 
are  generally  distin&uised  in  the  literature  (Emery  and  Earron, 
1979;  Green  and  Rao,  1971;  Greer,  and  Srinivasar:,  1973).  First,  we 
define  conjoint  measurement  as  the  procedure  whereby  we  specify 
for  a  given  combination  rule,  the  conditions  under  which  there  exist 
measurement  scales  for  the  dependent  and  independent  variables,  such 
that  the  order  of  the  joint  effects  of  the  independent  variables  in 
the  data  are  preserved  by  the  numerical  composition  rule.  !'e  then 
define  conjoint  analysis  (sometimes  referred  to  as  numerical 
conjoint  measurement)  as  tne  procedure  whereby  the  actual  numerical 
scale  values  for  the  joint  effects  and  she  levels  of  the  independent 
variables  are  obtained.  Thus,  there  are  effectively  two  separate 
and  independent  processes  in  the  conjoint  measurement  methodology. 
First,  one  atteups  to  fine  the  appropriate  combination  rule  auc 
then,  assuming  the  rule  is  valid,  finds  numerical  functions  that 
"be3t"  fit  the  observed  order  of  the  joint  effects  in  the  data 
according  to  the  specif ieu  rule. 


Given  the  above  presentation  of  the  basic  definitions  of 


conjoint  measurement,  we  can  now  proceed  with  a  detailed  discussion 
of  the  more  interesting  three  factor  simple  polynomial  models  as 
discussed  by  Krantz  and  Tversky  (1971)  and  by  Krants,  Luce,  Suppes, 
and  Tversky  (1971).  There  are  four  simple  models  that  will  be 
discussed.  They  are  the  familiar  additive  model  (A  E  -r  C),  the 
multiplicative  model  (A  8  3  *  C),  the  distributive  model  (A  s  [E 
C]),  and  the  dual-distributive  model  (A  +  [B  3  C]). 

Krantz  and  Tversky  (1971)  have  previously  discussed  a  number 
of  ordinal  properties  that  are  necessary  though  not  sufficient  for 
these  four  models  to  hold.  Since  these  properties  form  the  basis  of 
the  research  described  below  and  are  examined  in  the  computer 
program  that  is  used  as  a  diagnostic  method,  they  will  be  briefly 
summarized  here.  The  intent  here,  as  in  the  Krants  and  Tversky 
(TS71)  paper,  was  not  to  present  an  axioms. t i s a t i on  for  each  of  the 
four  models  mentioned  above,  but  rather  to  describe  a  set  of  ordinal 
properties  that  may  be  used  as  diagnostic  tools  in  differentiating 
among  these  four  models  as  viable  composition  rules. 

Simple  Independence 

lie  begin  with  the  fundamental  property  of  independence 
which  can  be  checked  separately  fcr  each  of  the  three  factors,  ’.’e 


say  that 


Aj  is 


of  Ag  and  whenever 


(^,^2*^3^  ^  (b.j,a2,a3)  if  and  only  if 


^a1  ’  °2’k-j)  ^  (b^,b2,b3)  • 


Thus  independence  of  A]  asserts  that  if  a1  >  b1 

for  some  combination  of  levels  of  Factors  A„  and  A-,,  then 

^  3 

this  relation  will  hold  for  any  other  combination  of  levels  of 
A2  and  A^.  Every  test  of  independence  of  with  A2 
and  A^  requires  a  2x2x2  matrix  with  two  levels  of  Factor 
and  two  combinations  of  A2  x  A3*  Thus  the  total  number  of 
possible  tests  of  the  property  in  this  case  would  then  be 


T  =  ("O  (n2  *  n3> 


where  n^  is  the  number  of  levels  of  Factor  i. 


Although  this  property  is  clearly  necessary  for  an  additive 
model,  it  need  not  hold  fcr  any  of  the  other  three  simple  models. 
This  is  because  these  latter  models  have  multiplicative  factors 
which  might  not  preserve  the  order  if  negative  or  sero  scale  values 
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are  allowed.  If  all  scale  values  for  multiplicative  factors  are 
positive,  however,  the  ordering  of  the  stimuli  cannot  be  reversed 
without  violating  the  property.  If  a  zero  value  is  permitted  for  a 
multiplicative  factor,  then  a  degenerate  case  is  produced  regardless 
of  the  levels  of  the  other  factor(s).  If  negative  values  are 
permitted  then  a  legitimate  order  reversal  may  occur.  Hence,  if 
only  positive  values  are  permitted,  the  independence  property  is 
necessary  for  all  four  models.  If  zero  or  negative  values  are 
permitted  then  we  must  define  a  more  general  property  labelled 
sign  dependence.  This  property  has  been  examined  in  detail  by 
Krantz  and  Tversky  (1971)  and  will  not  be  discussed  here. 


Joint  Independence 

A  second  form  of  independence  can  also  be  examined  in  cur 
three  factor  models.  The  property,  known  as  joint  independence, 
states  that 

A.  and  A,  are  jointly  independent  of  A.,  whenever 
(a^ag.a^)  >  (b^b^a^)  if  and  only  if 
(a1 .a2>b?)  >  (b1,b2,b,;  . 


Joint  independence  of  A1  and  A2  with  respect  to 


indicates 

that  if  one  combination 

of  A1 

and 

A2 

is 

greater  than 

another  at  a  fixed 

level 

of 

V 

(i.e 

^a1’a2^  >  [b^,b2]  at  a^) ,  then  the  ordering 

should  be  preserved  for  any  other  level  of  the  third  factor 

(b^).  If  joint  independence  holds  for  all  pairs  of  factors, 

then  this  iiaplies  that  independence  holds  for  a  sinple  factor. 

However,  the  converse  is  not  necessarily  true.  If  sinple 

independence  holds  for  all  factors,  this  docs  not  imply  that  joint 
independence  will  be  satisfied  for  all  pairs  of  factors. 

We  can,  of  course,  state  two  other  forms  to  the  joint 

independence  property  for  A1  and  A3  of  A2,  and  A2 

and  A^  of  .  If  we  again  restrict  our  scale  values  for  all 
factors  to  be  positive,  then  it  is  clear  that  joint  independence 
must  hold  in  all  three  forms  for  the  additive  and  multiplicative 
models.  However,  for  the  distributive  model  of  the  form 

V[A2  +  A^] ,  only  A2  and  A,  must  be  jointly 

independent  of  A1 .  For  any  given  set  of  finite  observations,  it 
is  important  to  note  that  all  three  forms  of  joint  independence  may 
hold  even  if  the  model  is,  in  fact,  distributive.  However,  it 
appears  that  as  the  size  of  the  design  increases,  the  more  likely  it 
is  that  only  the  one  appropriate  form  will  hold  if  the  model  is 


truely  distributive 


HfiUblfi.  Cancellation 


The  third  property  exanined  by  ICrantz  and  Tversky  (1971)  is 
one  that  has  already  been  discussed  with  respect  to  the  Luce-Tuicey 
(1964)  axiomatization  for  the  two-factor  additive  model.  Thi3  is 
the  property  usually  referred  to  as  double  cancellation  or 
Luce-Tukev  cancellation  and  is  stated  for  Factors  and  A,  as 

If  ^21^)  ^  and 

( b(  jagja,,)  ^  (c^ib^fS^)  theny 

( 5 ) 

(s^ajja^)  h  (c^,c2,a^). 

Kote  that  double  cancellation  requires  at  least  three  levels  of  each 
of  Factors  and  A2,  and  deals  with  only  two  such  factors 
at  a  tine.  Hence,  it  oust  be  satisfied  for  all  pairs  of  factors  for 
any  of  the  four  models  described  above  when  the  scale  values  are  all 
positive.  If  Factors  A1  and  A2  have  n1  and  n2 
levels  respectively,  then  there  will  be 

T  =  ( ^1 )  a  (32)  {6) 

possible  tests  of  double  cancellation  for  these  two  factors. 


Up  bo  this  point  v/e  have  not  presented 


means  of 


distinguishing  between  the  distributive  and  dual-distributive 
models.  The  final  two  properties  attempt  to  do  this.  Me  first 
describe  a  property  known  as  distributive  cancellation. 

Distributive  cancellation  is  satisfied  if  and  only  if 


(a1>b2,a3)  >  (d1>c2,c3) 


'b1,a2,a3^  ^  (CjjdgtC^)  and, 


(7) 


(d1fd2,c3)  >  (b1,b2,a3),  then 
^a1 *a2»a3)  s  (c^,c2,c3). 

It  can  be  shown  that  this  property  is  a  necessary  condition 
for  the  distributive  model  to  hold.  However,  distributive 
cancellation  also  holds  in  an  additive  representation.  Hence, 
although  this  property  can  be  used  to  support  a  distributive 
representation,  it  cannot  be  used  to  reject  additivity.  It  is  not 
necessary  for  a  dual-di3tributive  representation,  however,  and  can 
be  used  as  a  means  to  differentiate  between  these  two  models. 


Dual-DlfltribuUVft  Cancellation 

The  final  property  to  be  discussed  for  our  three-factor 
codels  is  dual-distributive  cancellation.  Formally,  we  say  that 

Dual-distributive  cancellation  is  satisfied  if 

(c1»d2»b3^  >  ^ai*c2*03)' 

<a1 »e2»e3^  ^  *b2»©s) * 

^I’^Z’d])  ^  ’ 

(dlfa2,a3)  >  (b1,e2,d3),  and 

(8) 

(e1fb2,e3)  >  (clfe2,e3),  then 
'a1  ,a2* ^3^  ^  ^b‘),b2,^3^* 


Dual-distributive  cancellation  is  comparable  to  distributive 
cancellation  in  that  is  is  necessary  for  both  dual-distributive  and 
additive  representations.  Hence,  a£,ain  it  cannot  be  used  to  reject 
additivity.  Since  it  is  not  necessary  for  a  distributive 
representation,  houever,  it  can  be  used  us  a  means  cf  possibly 
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di st ingui shins  betv/een  a  distributive  and  dual-distributive  model. 
Note,  however,  that  this  property  is  extremely  complex.  It  requires 
that  five  antecedent  conditions  from  a  5x5x5  design  be  met  in  order 
for  a  test  to  even  be  possible.  Hence,  this  property  suffers  from 
being  empirically  very  difficult  to  evaluate. 

Given  this  set  of  conditions,  it  should  be  possible  to 
evaluate  each  of  the  four  polynomial  models  mentioned  above  for  a 
set  of  observations  obtained  from  a  factorial  design.  In  each  of 
the  axiom  conditions  only  ordinal  information  is  required  in  order 
to  adequately  test  these  properties.  Thus,  it  is  sufficient  to 
require  each  subject  to  merely  present  rank  order  judgments  for  each 
of  the  stimulus  combinations  generated  by  combining  levels  of  the 
factors.  As  was  discussed  earlier,  in  most  applications  of  conjoint 
measurement  methodology  it  is  the  additive  representation  with 
restriction  to  the  positive  case  that  is  of  interest.  Even  for  an 
additive  model  as  small  as  3x3x3,  however,  both  the  testing 
procedures  for  the  properties  mentioned  above  and  the  actual  scaling 
procedure  for  obtaining  the  numerical  scale  values  become  extremely 
impractical  without  the  aid  of  a  computer  based  algorithm. 
Fortunately,  several  computer  programs  of  both  types  have  been 
developed  during  the  past  decade  (Johnson,  1973;  Kruskal,  1965; 
Nygren,  1932;  Srinivasan  and  Shocker,  1973a,  1973b;  Ullrich  and 
Cummins,  1973;  Takane,  Young,  and  ce  Leeuw,  190C;  Young,  1972'. 


Thus  it  is  relatively  easy  to  obtain  for  a  given  set  of  data  (1)  a 
list  of  violations  of  each  of  the  axioms  in  Equations  2,  4,  5,  7, 
and  8  and  (2)  a  best  fitting  additive  scaling  solution. 

The  real  difficulty  with  conjoint  measurement  is  that 
research  efforts  that  have  attempted  to  develop  an  error  theory  for 
this  methodology  have  lagged  far  behind.  Thus  it  is  very  difficult 
in  practice  to  evaluate  in  a  given  situation  how  well  the  data  is 
being  fit  by  an  additive  model.  The  issue  is,  then,  how  do  we 
decide  how  many  violations  of  an  axiom  constitutes  rejection  of  the 
axiom.  In  the  next  section  we  discuss  recent  research  that  has 
attempted  to  study  this  issue.  In  Section  IV  further  research  based 
on  this  project  will  be  discussed. 


III.  DIAGNOSTIC  EFFICACY  OF  AXIOMATIC  CONJOINT  H 


The  title  for  this  section  comes  from  a  very  important  paper 
published  in  1979  by  Emery  and  Barron.  The  study  reported  in  that 
paper  was  one  of  a  very  few  that  have  attempted  to  examine  how  well 
the  axioms  reported  in  Section  II  could  in  fact  be  used  to 
differentiate  among  the  simple  additive,  distributive  and 
dual-distributive  models.  In  particular,  Emery  and  Barron  were 
interested  in  the  issue  of  misdiagnosis.  That  is,  is  it  possible 
for  a  set  of  data  to  cone  from  one  simple  polynomial  model  (e.g., 
distributive)  but  not  be  rejected  as  coning  from  a  different  model 
(e.g.,  additive)?  This  could  occur  if  the  rank  order  associated 
with  one  set  of  data  dees  not  violate  any  of  the  axioms  associated 
with  either  its  own  generating  model  or  some  other  monel.  In  this 
case,  the  conjoint  measurement  axioms  would  be  unable  to  reject  the 
false  model. 

Emery  and  Barron  (1979)  generated  92  sets  of  data  in  three 
factors  coning  fron  either  additive  models  (20  cases),  distributive 
models  (36  cases),  or  dual-distributive  models  (36  cases).  Using 
the  anion  testing  procedure,  PCJ1',  Emery  and  Barren  found  that  all 
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20  of  the  additive  data  sets  were  diagnosed  as  coning  from  additive 
models.  However,  of  the  36  sets  fron  distributive  nodels,  only  23 
were  diagnosed  as  coning  from  a  unique  distributive  model.  Six  of 
the  remaining  13  sets  were  diagnosed  as  coning  fron  an  additive 
model  and  seven  were  diagnosed  as  coning  fron  several  possible 
distributive  nodels.  Of  the  36  dual-distributive  data  sets,  none 
were  diagnosed  correctly  as  coning  from  a  dual -distributive  model. 
Twenty-one  of  these  sets  were  diagnosed  as  coming  from  an  additive 
model,  four  and  eleven  were  diagnosed  as  coming  from  either  a  unique 
distributive  or  multiple  distributive  model  respectively. 
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The  results  Just  described  are  not  very  encouraging  for 
those  who  would  like  to  use  the  conjoint  measurement  axions  as 
diagnostic  tools.  Perhaps  some  other  technique  might  be  more 
useful.  In  an  attempt  to  examine  thi3  possibility,  Emery  and  Barron 
then  looked  as  the  usefulness  of  one  of  the  numerical  conjoint 
scaling  procedures  as  a  diagnostic  tool.  Specifically,  they  used 
the  computed  STRESS  value  and  a  measure  of  fit  they  called  PRECAP 
that  could  be  obtained  fron  a  scaling  of  the  data  based  on  the 
tXKIAKOVA  program  (Kruskal,  1964,  1965).  These  scaling  results  were 
somewhat  more  encouraging  than  were  those  from  the  axiom  tests,  but 

■i 

misdiagnoses  were  still  found. 

These  findings  are  very  important  to  conjoint  scaling 


methodology  and  point  to  the  need  for  further  research  fcr 
increasing  power  in  the  diagnosis  of  the  simple  conjoint  measurement 
models  in  real  data.  The  research  to  be  presented  in  Section  IV 
attempts  to  meet  this  need  by  providing  further  insight  into  the 
properties  inherent  in  these  axioms.  Our  research  project  differs 
in  several  very  important  respects  from  the  worl:  of  Emery  and 
Barron.  First,  their  data  were  error-free.  That  is,  they  generated 
their  data  in  such  a  way  as  to  fit  one  of  the  models  perfectly.  The 
approach  taken  in  the  research  to  be  presented  below  is  different  in 
that  we  started  in  a  sense  in  th  opposite  direction.  V/e  began  with 
completely  random  data  and  added  structure  to  it  in  several  steps. 
Secondly,  individual  axioms  were  examined  in  detail  in  the  present 
research.  In  particular,  the  conditional  effects  of  satisfaction  of 
one  axiom,  simple  independence,  on  the  occurrence  of  violations  of 
the  other  axioms  were  examined. 

This  last  difference  is  relevant  for  one  other  reason.  It 
relates  the  current  project  to  two  other  important  studies  on 
conjoint  measurement  methodology  that  investigated  the  axiom  system. 
These  papers  are  one  by  Arbuekle  and  Larimer  (1976)  and  a  fcllcw-up 
note  by  McClelland  (1977). 

Arbuekle  and  Larimer  (1976)  used  a  Monte  Carlo  approach  tc 
invesitage  the  likelihoods  associated  with  satisfying  the  conjoint 


measurement  axions  in  two-factor  matrices  of  different  sizes.  In 


particular,  they  attempted  to  estimate  the  number  of  possible 
rankings  in  an  £X£  table  that  satisfy  both  independence  and 
double  cancellation,  and  that  satisfy  additivity.  Although  their 
study  was  extremely  enlightening,  it  was  faced  with  one  rather 
difficult  problem.  The  problem  was  simply  that  in  many  of  their 
examples  the  samples  were  small,  perhaps  too  snail  to  give  accurate 
estimates  of  the  probabilities.  Nevertheless,  their  results  seemed 
to  indicate  that  as  XL  and  £  increased,  the  probability  of 
satisfying  double  cancellation  or  additivity  by  chance  becomes 
small.  In  addition,  the  proportion  of  rx£  tables  satisfying 
independence  and  double  cancellation  that  are  also  additive 
decreases  as  XL  and  £  increase. 

McClelland  (1977)  attempted  to  carry  the  work  of  Arbuckle 
and  Larimer  (1976)  one  step  further  in  terms  of  accuracy  by  finding 
exact  probabilities  for  those  XL  -  £  tables  small  enough  to  allow 
for  exact  enumeration.  In  addition,  McClelland’s  work  is  very 
interesting  in  that  he  attempted  to  find  in  greater  detail  some  of 
the  conditional  probabilities  for  satisfying  the  additive  conjoint 
measurement  axioms.  For  example,  the  conditional  probabilities  of 
satisfying  double  cancellation  given  independence,  and  of  satisfying 
additivity  given  independence  or  independence  and  double 
cancellation  wore  obtained.  As  expected,  results  similar  to  these 


of  Arbuckle  and  Larimer  (1976)  were  obtained. 


The  Arbuckle  and  Larimer  (1976)  and  McClelland  (1977)  papers 
suffer  from  several  major  limitations,  however.  First  their 
examinations  of  the  axioms  were  at  a  more  global  level  than  night  be 
needed  by  the  applied  researcher.  Second,  and  perhaps  more 
important,  the  data  sets  were  very  small,  coning  from  either  a  3-3> 
3x4,  3x5,  or  4x4  design.  Henee,  interesting  relations  in  three 
factors  were  not  and  have  not  been  systematically  investigated.  The 
three  papers  cited  above  represent  the  only  major  contributions  of 
this  type  that  the  author  is  aware  of  to  the  testing  of  the  conjoint 
measurement  axioms.  Clearly,  more  detailed  work  is  needed.  In 
Section  IV  the  results  of  one  such  additional  study  are  presented. 
Concurrently,  the  author's  conputer-based  algorithm  for  doing  the 
axiom  tests  and  the  conjoint  scaling  will  be  discussed. 


II.  SML  ANALYSIS  flE  RANDOM  MIA.  MATRICES 


One  attempt  to  develop  a  general  diagnostic  program  for 
testing  the  conjoint  measurement  axioms  was  made  by  Molt  and 
Hallsten  (1974).  Their  program,  CONJOINT,  was  designed  to  test  each 
of  the  axioms  mentioned  above  except  for  dual-distributive 
cancellation.  CONJOINT  was  written  in  PL/1  and  has  been  modified  to 
run  on  an  IBIi  370  or  Amdahl  470  operating  system.  Ullrich  and 
Cummins  (1973)  developed  two  other  programs,  PCJM  and  PC Jl  12 ,  written 
in  FORTRAN  to  do  essentially  the  same  thing  as  CONJOINT.  There  are, 
however,  several  differences  between  the  programs  which  make  both 
very  useful  as  diagnostic  tools. 

SUAT  is  a  program  developed  by  the  author  over  the  past  two 
years  that  also  provides  tests  of  the  axioms  described  by  ICrants  and 
Tversky  (1971).  SUAT  is  a  combination  of  what  the  author  believes 
to  be  the  most  useful  parts  of  the  CONJOINT  and  PCJM  programs. 
First,  it  provides  a  more  detailed  analysis  of  violations  of  the 
axioms  than  does  the  CONJOINT  program,  especially  fcr  the  critical 
axioms  of  simple  independence  and  joint  independence.  Second,  SUAT 


ecploys  some  of  the  same  efficient  algorithms  used  by  Ullrich  and 
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Cummins  (1973)  in  their  PCJI12  program  for  examining  independence, 
joint  independence,  double  cancellation,  and  distributive 
cancellation.  SV7AT,  however,  makes  some  very  important  corrections 
to  logical  and  theoretical  errors  made  by  their  PCJI12  analysis. 

The  major  contribution  of  SWAT  is  that  it  allows  the 
researcher  to  both  test  the  axioms  for  additive  conjoint  measurement 
and  obtain  an  additive  scaling  solution  to  the  data  all  in  one 
complete  computer  run.  SWAT  employs  a  modification  of  the  algorithm 
for  conjoint  scaling  first  proposed  by  Johnson  (1973).  This  simple, 
yet  very  useful,  nonmetric  regression  procedure  has  been 
incorporated  into  SWAT  and  has  been  generalised  to  be  more  useful 
for  applied  research.  The  original  version  of  the  Johnson  program, 
sometimes  rei'erred  to  as  2JIJRG  or  M0I2METRG,  has  been  revised  during 
this  funding  period  to  become  an  integral  part  cf  the  SUAT 
procedure. 

The  combination  of  the  axiom  testing  program  with  the 
scaling  program  provides  much  core  flexibility  to  the  applied 
researcher  in  analyzing  a  data  set  than  was  previously  possible  with 
separate  programs.  A  number  cf  options  for  the  combined  SWAT 
program  have  been  introduced  into  the  algorithm  on  the  basis  of  the 
research  conducted  during  this  grant  period.  Given  the  previous 
theoretical  discussion  cf  the  axioms  and  their  interpretation  in 
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Section  II,  it  is  now  possible  to  discuss  iti  this  section  how  some 
of  the  findings  from  the  present  research  have  been  and  will  be 
implemented  into  the  SWAT  program.  It  should  be  noted  that  the 
actual  SWAT  program  is  still  being  improved  upon  as  more  theoretical 
work  is  being  done.  The  discussion  below  represents  the  current 
stage  of  SWAT  development.  In  Section  V  a  discussion  of  future 
needs  and  directions  for  continued  research  will  be  presented. 
Suggestions  for  revisions  in  SWAT  will  be  included. 

SMI  Methodology 

The  data  shown  in  Tables  1  and  2  will  be  used  to  illustrate 
the  research  presented  here  in  conjunction  with  application  of  the 
SWAT  program.  The  values  in  the  tables  are  rankings  for  each  of 
four  experimental  conditions.  These  data  were  generated  to  first 
represent  cne  subject's  random  rankings  for  each  of  the  27  stimulus 
combinations  from  a  3^3x3  design.  This  random  or  unconditional  data 
matrix  (Uncond)  is  shown  in  Table  1 .  One  thousand  such  random 
data  sets  were  generated.  In  addition,  a  second  set  of  1000  random 
data  sets  were  generated  for  64  stimulus  combinations  in  a  4x4x4 
design.  For  each  of  these  2000  data  sets  the  rows  anc  columns  were 
next  permuted  so  as  tc  satisfy  simple  independence  perfectly  on  the 
first  of  the  three  factors  (Factor  A).  An  example  of  cne  of  these 
modified  data  sets  in  shown  in  the  first  nine  rows  of  Table  2.  This 


matrix  will  be  described  as  cooing  from  the  Sin/rle  condition. 
Hext,  each  of  the  2000  data  sets  were  permuted  so  as  to  satisfy 


simple  independence  in  two  factors,  Factors  A  and  E.  An  example  of 
a  data  set  from  this  Double  condition  is  presented  in  the  ciodle 
of  Table  2.  Finally,  each  data  set  was  permuted  so  as  to  satisfy 
simple  independence  in  all  three  of  the  Factors  A,  E,  and  C.  This 
is  the  Triple  condition  shown  at  the  bottom  of  Table  2.  The 
entire  SUAT  analysis  for  each  of  the  four  examples  in  Tables  1  and  2 
is  presented  in  Appendix  2. 


Notation 


Throughout  the  discussion  of  the  foundations  of  conjoint 
measurement  we  have  used  the  notation  A1 ,  A2,  and  to 

represent  our  factors.  A  different  way  to  denote  the  factors  will 
now  be  introduced.  Although  it  may  at  first  seem  confusing  to 
introduce  this  additional  notation,  it  is  necessary,  since  these 
notational  changes  are  used  rather  extensively  in  the  SWAT  program. 
SWAT  uses  A,  B,  and  C  to  represent  the  corresponding  three  factors. 
This  will  be' illustrated  in  Tables  1-12. 
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Table  2 


Example  of  a  3x3x3  Design  for  Ranked  Observations: 
Data  Hartices  Satisfy  Simple  Independence  in  One, 
Two  or  All  Three  Factors 


Matrix 

C 

B 

1 

2 

3  (A) 

1 

1 

13.0 

21.0 

24.0 

1 

2 

3.0 

22.0 

27.0 

1 

3 

2.0 

9.0 

14.0 

2 

1 

11.0 

16.0 

23.0 

Single 

2 

2 

3-0 

4.0 

7.0 

2 

3 

1.0 

10.0 

17.0 

3 

1 

5.0 

15.0 

26.0 

3 

2 

12.0 

19.0 

20.0 

3 

3 

6.0 

18.0 

25.0 

1 

1 

2.0 

9.0 

14.0 

1 

2 

3.0 

21.0 

24.0 

1 

3 

13.0 

22.0 

27.0 

2 

1 

1.0 

4.0 

7.0 

Double  2 

2 

3-0 

10.0 

17.0 

2 

3 

11.0 

16.0 

23-0 

3 

1 

5.0 

15.0 

20.0 

3 

2 

6.0 

13.0 

25.0 

3 

3 

12.0 

19.0 

26.0 

1 

1 

1.0 

4.0 

7.0 

1 

2 

3.0 

10.0 

17.0 

1 

3 

11.0 

16.0 

23.0 

2 

1 

2.0 

9.0 

14.0 

Triple  2 

2 

6.0 

18.0 

24.0 

2 

3 

12.0 

19.0 

26.0 

3 

1 

5.0 

15.0 

20.0 

3 

2 

£.0 

21 .0 

25.0 

3 

13.0 

22.0 

27.0 

SUAT  allows  one  to  test  for  single  independence  among  the- 
factors,  although  the  approach  taken  here  is  a  combination  of  the 
approaches  used  in  CONJOINT  and  PCJN2.  The  CONJOINT  program  tests 
for  independence  of  factors  by  considering  them  two  at  a  time. 
Independence  for  A  of  B  would  be  checked  by  comparing  the  rank  order 
of  the  cells  for  the  levels  of  Factor  A  at  each  level  of  Factor  B. 
Similarly,  a  check  can  be  made  for  the  independence  of  B  at  each 
level  of  A.  SUAT  actually  uses  the  PCJM2  algorithm  to  test  fer 
independence  as  presented  in  the  formula  in  Equation  2.  That  is, 
all  possible  tests  of  independence  are  checked.  In  the  remainder  of 
this  section  the  SUAT  analysis  will  be  illustrated  with  the  data  in 
Tables  1  and  2  with  the  Unconditional  and  Double  data  matrices. 

To  illustrate  the  test  of  the  property  of  independence  in 
SUAT,  let  us  look  at  the  A  x  B  matrix  at  fixed  Level  1  of  Factor  C 
for  the  Double  data  matrix  in  Table  2.  Note  that  in  comparing  the 
rank  brders  of  the  three  columns  of  this  matrix,  there  is  perfect 
agreement.  Hence ,  we  say  "B  is  independent  of  A"  at  Level  1  of 
Factor  C.  It  is  also  the  case,  however,  that  "3  is  independent  of 
A"  at  Levels  2  and  3  of  C  (the  second  and  third  matrices),  and  we 
can  say  simply  that  "E  is  independent  of  A."  In  a  comparable  manner 
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we  can  loolc  at  the  ranks  of  the  rows  for  the  A  x  E  matrix  at  each 
level  of  C.  Again,  we  find  perfect  rank  order  agreement.  Hence,  we 
also  say  "A  is  independent  of  B."  It  is  important  to  recognize  that 
"A  independent  of  B"  does  not  imply  nor  is  implied  by  "B  independent 
of  A."  To  illustrate  this,  suppose  that  the  data  values  in  cells 

(3.2.1)  and  (3,3,1)  had  been  reversed  so  that  (3,2,1)  is  now  27  and 

(3.3.1)  is  24.  The  rows  are  still  in  the  same  rank  order  but  the 
columns  are  not.  Hence,  A  is  still  independent  of  B,  but 
independence  of  B  from  A  would  be  violated.  A  second  point  to 
recognize  is  that  we  are  only  looking  at  independence  fcr  two 
factors  at  a  tine  at  this  point. 

For  the  unconditional  data  in  Table  1 ,  5UAT  would  proouee 
the  results  for  tests  of  independence  shown  in  Table  2.  As  was 
mentioned  above,  SUAT  actually  tests  all  possible  combinations  of 
levels  of  the  factors  for  simple  independence.  In  the  case  of 
Factors  A,  B,  and  C  with  three  levels  each  there  are  3x36  =  10S 
possible  tests  for  each  factor.  In  the  case  of  four  levels  fcr  each 
factor  there  are  6x120  =720  possible  tests. 
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Table  3 

Results  of  Tests  of  Sinple  Independence  for  Unconditional 
Data  in  the  3x3x3  Factor  Matrix 


A  INDEPENDENT  OF  B  AMD  C 


NUMBER  PERCENT  PERCENT  SIGNIF 
OBSERVED  EXPECTED 


MAXIMUM  TESTS  POSSIBLE: 

108.0 

TOTAL  TESTS: 

108.0 

SUCCESSES: 

52.0 

0.481 

0.500 

FAILURES: 

56.0 

0.519 

0 .500 

3  INDEPENDENT  OF  C  AND 

A 

NUMBER 

PERCENT 

PERCENT  SIC-IIIF 

OBSERVED 

EXPECTED 

MAXIMUM  TESTS  POSSIELE: 

103.0 

TOTAL  TESTS: 

108.0 

SUCCESSES : 

56.0 

0.519 

0.500 

FAILURES: 

52.0 

0.419 

0.500 

C  INDEPENDENT  OF  A  AND 

D 

NUMBER 

PERCENT 

PERCENT  SIGNIF 

OBSERVED 

EXPECTED 

MAXIIIUI!  TESTS  POSSIELE: 

103.0 

TOTAL  TESTS: 

108.0 

SUCCESSES: 

66.0 

0.611 

0.500 

FAILURES : 

42.0 

0.389 

0.500 

Table  4 


Results  cf  Tests  of  Simple  Independence  for  Double 
Data  in  the  3x3x3  Factor  Matrix 


A  INDEPENDENT  OF  B  AND 

C 

NUMBER 

PERCENT 

PERCENT 

DESERVED 

EXPECTED 

MAXIMUM  TESTS  POSSIBLE: 

108.0 

TOTAL  TESTS: 

108.0 

SUCCESSES : 

108.0 

1 .000 

0.500 

FAILURES: 

0.0 

0.000 

0.500 

B  INDEPENDENT  OF  C  AMD  A 


HUMBER  PERCENT  PERCENT  SIGNIF 
OBSERVED  EXPECTED 


MAXHIDH  TESTS  POSSIELE: 
TOTAL  TESTS: 

SUCCESSES: 

FAILURES: 


108.0 

108.0 

108.0  1.000  0.500 

0.0  0.000  0.500 


C  INDEPENDENT  OF  A  AND  B 

NUMBER  PERCENT  PERCENT  SIGMIF 
OBSERVED  EXPECTED 


MAXIMUM  TESTS  POSSIBLE: 

108.0 

TOTAL  TESTS: 

10G.0 

SUCCESSES : 

88.0 

0.815 

0.500 

FAILURES : 

20.0 

0.185 

0.500 

In  looking  at  each  level  of  Table  3  we  find  that  of  the  108 
tests  of  each  factor  there  were  about  50^  violations  in  each  case. 
The  actual  observed  proportions  were  .519,  .481,  and  .389  for 
Factors  A,  B,  and  C,  respectively.  Since  under  a  "Random  Data 
ilodel"  one  would  expect  an  error  proportion  of  .500,  SWAT  provides  a 
nest  of  the  hypothesis  that  p  =  .500  or  that  the  data  fit  the  Random 
Data  Model  against  the  alternative  that  p  <  .500.  In  the  case  of 
this  data,  the  results  are  not  significant  for  all  three  factors  at 
the  .01  level.  It  is  important  to  note  that  the  normal 
approximation  that  is  used  for  testing  the  hypothesis  that  p  =  .500 
is  even  more  of  an  approximation  since  all  108  tests  in  each  case 
are  clearly  not  independent.  The  practical  significance  of  this, 
however,  appears  to  be  minimal  (cf.  Uygren,  1979).  Finally,  Table  4 
presents  the  results  of  the  simple  independence  tests  for  the  Double 
data.  As  shown  in  the  table  it  must  be  the  case  that  there  are  no 
violations  of  simple  independence  for  Factors  A  and  B. 

Table  5  indicates  the  additional  tests  of  the  simple 
independence  axiom.  The  values  in  Table  5  are  Kendall's 
Coefficients  of  Concordance  (U)  across  rows  or  across  columns  at 
each  level  of  the  outside  factor.  Thus,  if  independence  is 
satisfied,  then  the  rows  anc  columns  of  the  data  matrix  in  Table  1 
should  be  like  those  in  the  Triple  condition  in  Table  2  with  all 
rows  and  columns  being  in  the  same  rank  order,  yielding  values 


equal  to  1.0.  This  is  clearly  r.ot  always  the  case  with  real  data. 
For  the  Double  condition  data,  however,  it  must  be  the  case  that 
"A  of  En,  "A  of  C",  WB  of  A",  and  "E  of  C"  coefficient  values  arc 
all  1.0.  To  the  extent  that  some  of  the  '.J  values  are  near  zero  vre 
cay  have  either  (1)  nonindependence  of  factors,  (2)  degenerate 
levels(s)  of  some  factor  or  factors  or  (3!  irrelevance  of  a  factor. 
The  last  possibility  is  particularly  interesting  from  an  empirical 
standpoint.  Suppose  that  one  \>ere  to  find  the  U  values  of  1.0  in 
Table  5  for  two  of  the  factors  when  simple  independence  is  tested. 
One  might  be  tempted  to  conclude  that  no  simple  conjoint  rule  can  be 
applied  to  the  data.  However ,  violations  of  independence  would  be 
restricted  to  Factor  C.  Violations  may  have  occurred  here  because 
the  individual  did  not  differentiate  among  the  levels  of  Factor  C. 
Ir.  this  case,  the  subject's  judgments  or  rankings  of  alternatives 
would  be  based  on  the  combination  cf  only  the  two  independent 
Factors  A  and  E. 

As  was  described  above  an  attempt  was  made  to  investigate 
violations  of  the  axioms  under  several  different  conditions.  In 
particular,  the  degree  to  which  simple  independence  was  satisfied 
was  varied.  Table  6  presents  the  results  cf  the  extensive  search 
for  violations  of  simple  independence  for  each  of  the  four  types  of 
data  matrices  for  the  3x3x3  and  4x4x4  designs.  Several  important 
points  can  be  made  from  the  reported  mean  proportions  in  this  table. 
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8 


First,  as  expected  the  "Failures"  column  indicates  that  the  observed 
proportions  of  violations  of  the  simple  independence  axiom  is  very 
close  to  what  one  expects  for  random  data  —  namely  a  value  of  .500. 
These  values  indicate  that  the  random  number  generator  used  in  the 
study  appears  to  be  very  good.  It  is  interesting  to  note,  however, 
that  the  proportion  of  failures  in  the  Single  and  Double  conditions 
for  the  remaining  random  factors  are  slightly  less  than  .500.  The 
remaining  columns  in  Table  6  divide  the  failures  into  two  types, 
dominant  and  tradeoff.  Recall  from  Equation  2  that  in  simple 
independence  we  are  comparing  two  levels  of  one  factor  (a^  and 
b.j)  at  two  combinations  of  the  second  and  third  factors 

([a^a^]  and  [b^b^]).  A  violation  occurs  when 


a1  > 

a2 

for 

one  combination  and 

a1 

<  a2 

in 

the 

other. 

We 

then 

define 

a  dominant 

failure  as 

one 

for  which 

both 

the 

a2 

and 

a^  levels 

in 

the 

[a2, 

a33 

combination  dominate  or  are  dominated  by  their  respective 
counterparts  in  [b^b^].  Tradeoff  failures  are  defined 


as  those  that  occur  between  stimuli  where  one  stimulus  does  not 
dominate  the  other  on  both  of  the  combined  factors.  Fcr  example, 
(1,1,1)  >  (2,1,1)  but  (1,2,2)  <  (2,2,2)  would  result  ir.  a  dominant 
violation  since  for  the  two  outside  factors  (1,1)  is  dominated  by 
(2,2).  The  test  (1,2,1)  >  (3,2,1)  but  (1,1,3)  <  (3,1,3)  is  a 

tradeoff  violation  since  (2,1)  does  not  dominate  and  is  not 
dominated  by  (1,3). 


i 


' 


From  Table  6  it  is  clear  that  under  random  data 
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assumptions 

one  should  expect  the  proportions  of  dominant  errors  to  be  .375  for 
a  3x3x3  design  and  .350  for  a  4x4x4  design.  These  proportions  may 
prove  to  be  very  valuable  in  evaluating  the  fit  of  an  additive  model 
in  an  empirical  situation.  First,  these  values  give  a  benchmark  to 
indicate  whether  or  not  a  individual  subject’s  data  is  being  fit 
significantly  better  than  would  be  expected  by  chance.  Second,  the 
conditional  proportions  of  failures  indicate  some  interesting 
results.  These  proportions  are  simply  the  conditional  proportions, 
ptdominant  failure  '  failure]  and  p[ tradeoff  failure  !  failure]. 
Although  the  unconditional  proportions  of  failures  seem  to  decrease 
as  the  number  of  factors  satisx'ying  simple  independence  goes  from 
aero  to  one  and  to  two,  the  conditional  values  of  p[ dominant  ! 
failure]  and  p[ tradeoff  |  failure]  remain  constant  at  .750  and  .250 
for  the  3x3x3  design  and  at  .700  and  .300  for  the  4x4x4  design 
respectively. 

These  latter  results  suggest  a  means  of  testing  between  two 
possible  sources  of  violations  in  an  individual  subject's  data.  It 
seems  reasonable  that  violations  may  occur  either  because  (1)  the 
subject  ignores  the  factcr(s)  completely  or  \2)  the  subject  uses  the 
factor  but  in  a  non-independent  way.  It  seems  reasonable  that  in 
the  former  case  when  the  factor  is  ignored  the  data  would  act  like 


the  proportions  of  dominant  ana 


random  data  with 


adeeff  errors 
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being  similar  to  those  presented  in  Table  6.  In  the  latter  case, 
however,  if  the  individual  is  in  fact  attending  to  the  factor  then 
an  overall  reduction  in  failures  would  be  expected,  at  least  to  a 
moderate  degree.  The  important  aspect  here  is  that  this  reduction 
should  show  up  to  a  greater  extent  in  the  dominant  tests.  It  is 
clear  that  regardless  of  the  combination  rule  used  by  the 
individual,  comparisons  among  stimuli  that  dominate  others  on  all 
factors  are  easier  to  make  and  are  more  likely  to  satisfy  the 
independence  axiom.  This  suggests  an  important  possible  means  of 
examining  individual  subjects'  data  in  more  detail. 

Table  7  summarises  the  results  of  the  Kendall's  Coefficients 
of  Concorcance  values  that  were  found  in  each  of  the  1000  data  sets 
in  each  of  the  four  conditions.  The  values  in  the  table  arc  the 
means  based  on  the  1000  data  sets  in  each  case.  These  values  are 
also  useful  in  providing  a  benchmark  from  which  we  can  compare 
empirical  results.  It  is  important  to  note  that  in  no  case  are 
these  mean  coefficients  close  to  zero.  In  particular,  these  means 
increase  dramatically  for  non-independent  factors  if  one  or  more  of 
the  remaining  factors  do  satisfy  independence.  Since  these  values 
are  means,  it  is  clear  that  an  impressively  large  value  could 
occur  in  any  given  case  fairly  easily  by  chance  alone.  Fence,  it  is 
important  to  not  use  these  observed  values  exclusively  cue  in 
conjunction  with  tee  information  found  in  Table  6. 
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Table  5 

Coefficients  of  Concordance  fcr  Simple  Independence 
from  Unconditional  Data  in  the  3x3x3  Factor  Matrix 


INDEPENDENCE:  FACTOR  C  IS  THE  OUTSIDE  FACTOR. 

1  2  3 

B  OF  A  .333  -778  .000 

A  OF  B  .111  .444  .111 


INDEPENDENCE:  FACTOR  A  IS  THE  OUTSIDE  FACTOR. 

1  2  3 

C  OF  B  .778  .111  .773 

B  OF  C  .111  .444  .778 


INDEPENDENCE:  FACTOR  B  IS  THE  OUTSIDE  FACTOR. 

1  2  3 

A  OF  C  .77 8  .773  .778 

C  OF  A  .111  .773  .773 


Tab!©  6 


a 

A 

of  B, C 

.500  .500 

•374  .350 

.749  .700 

.126  .130 

.251  .300 

3  Uncond 

B 

of  A,  C 

.499  .501 

.374  .350 

.750  .700 

.125  .150 

.250  .300 

ki 

if 

C 

of  A,B 

.498  .501 

.374  .350 

.751  .700 

.124  .150 

.249  .300 

•\ 

(Expected) 

.500  .500 

.375  .350 

.750  .700 

.125  .150 

.250  .300 

•  1 

V 

v 

A 

Of  3,C 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

Single 

3 

of  A,  C 

.453  .463 

.330  .317 

.728  .678 

.123  .151 

.272  .322 

4  ■« 

1 

C 

of  A, 3 

.457  .468 

•332  .317 

.728  .673 

.124  .151 

.272  .322 

i 

A 

of  E,C 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

■  Double 

B 

of  A,C 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

—*• 

M 

C 

of  A, 3 

.384  .392 

.233  .274 

.750  .693 

.096  .113 

.250  .302 

1 

A 

of  B, C 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

;•! 

_  Triple 

3 

of  A,  C 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

1 

C 

of  A,B 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

.000  .000 

— 1 

Table  7 

Mean  Kendall's  Coefficient  of  Concordance  Values  for 
Sinple  Independence  in  the  3:<3«3  and  Designs 


Analysis  Design  A  of  B  A  of  C  B  of  A  B  of  C  C  of  A  C  of 


Each  uean  value  in  the  table  is  based  on  1000  data 


•"«  • 
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Joint 


Table  8  presents  similar  results  for  joint  independence  for 
the  unconditional  data.  The  W  values  are  all  moderately  low  as  one 
might  e::pect.  These  coefficients  are  sonewhat  difficult  to 
interpret  in  and  of  themselves.  Hence,  SHAT  again  presents  a 
summary  of  the  actual  tests  of  joint  independence  in  the  data.  To 
understand  the  implications  of  and  the  differences  between  the  tests 
of  simple  independence  (Table  3)  and  joint  independence  (Table  8), 
it  is  important  to  follow  how  the  ('-values  were  computed.  First,  we 
will  illustrate  simple  independence  with  the  value  of  U  =  .333  from 
Table  3«  This  value  was  obtained  from  the  check  of  independence  for 
3  of  A  at  level  C^.  it  was  obtained  by  comparing  the  rank 
orders  of  the  following  three  sets  (a^a^)  of  three  numbers 
(b1-b3) : 


(1) 

21.0, 

22.0, 

14.0 

(2) 

13.0, 

27.0, 

2.0 

(3) 

24.0, 

8.0, 

9.0 

In  a  comparable  manner  independence  for  A  of  3  at  level  c1  where 
W  =  .111  was  obtained  by  comparing  the  rank  orders  of  the  three  sets 
(b^-b^)  of  three  numbers  (a^-a, ): 


(1)  21.0,  13.0,  24.0 

(2)  22.0,  27.0,  8.0 

(3)  14.0,  2.0,  9.0 


The  joint  independence  value  of  VI  =  .346  x'rou  Table  8  for  "C  of  AB" 
was  obtained  by  comparing  the  rank  orders  of  the  following  nine  sets 
*b1],[a1  ,b2]  ,. . . ,  [a^.b,])  of  three 

numbers  (c^-e^): 


(1) 

21 .0, 

11.0, 

15.0 

(2) 

22.0, 

3.0, 

12.0 

(3) 

14.0, 

10.0, 

25.0 

(9) 

9.0,  17.0,  13. 

0 

Finally, 

W 

=  .578 

for  "A3  of  C"  was 

found 

from 

the  ranks  of 

three 

sets  of 

nine 

numbers 

• 

(1) 

21 .0, 

13.0,  24.0,  22.0, 

27.0, 

3.0, 

14.0, 

2.0, 

9.0 

(2) 

11.0, 

16.0,  23.0,  3.0, 

7.0, 

4.0, 

10.0, 

1 .0, 

17.0 

(3) 

15.0, 

5.0,  26.0,  12.0, 

20.0, 

19.0, 

25.0, 

6.0, 

18.0 

3$ 


In  a  manner  comparable  to  that  discussed  above  for  the 
simple  independence  axiom,  mean  proportions  of  violations  were 
computed  for  the  1000  data  sets  in  each  of  the  four  independence 
conditions  and  each  of  the  two  stimulus  designs  with  the  joint 
independence  axiom.  The  results  of  these  tests  are  summarised  in 
Table  9.  The  "Failures"  column  then  indicates  the  mean  error 
proportions  for  tests  of  joint  independence  when  either  aero,  one, 
two  or  all  three  factors  satisfy  simple  independence.  Several 
important  results  are  shown  in  this  column.  First,  as  might  be 
expected  for  random  data  the  probability  of  observing  a  violation  of 
joint  independence  is  .500.  Uhen  even  one  factor  satisfies  simple 
independence,  however,  the  expected  proportion  of  violations  drops 
to  .245  for  tests  involving  the  one  factor  satisfying  simple 
independence.  It  is  also  interesting  to  note  that  the  error 
proportions  again  appear  to  be  about  the  same  for  either  the  3~3^3 
or  4x4x4  'design.  Finally,  the  Triple  data  indicate  an  important 
finding  that  is  often  overlooked  when  examining  real  data.  The 
proportions  of  violations  in  the  Triple  data  are  about  .03  despite 
the  fact  that  simple  independence  is  satisfied  perfectly  for  all 
three  factors.  If  joint  independence  holds  for  all  pairs  of 
factors,  then  independence  holds  for  each  factcr.  The  converse  is 
not  true,  however.  Simple  independence  does  not  imply  joint 


independence 


The  tests  of  joint  independence  were  divided  as  before  into 


dominant  and  tradeoff  tests.  Dominant  tests  are  defined  as  those 
for  which  the  levels  of  the  joint  factors  were  both  strictly 
dominant  in  one  of  the  stimulus  pairs.  Tradeoff  tests  are  defined 
as  those  for  which  the  levels  of  the  joint  factors  are  strictly 
dominant  in  one  direction  fcr  one  factor  and  in  the  opposite 
direction  for  the  other  factor.  Finally,  we  define  weakly 
dominant  tests  as  those  for  which  there  is  equality  of  levels  on 
one  of  the  joint  factors  and  dominance  on  the  other.  Thus  we  can 
have  v;eak  dominance  on  the  first  or  the  second  factor  of  the  pair  of 
joint  factors.  An  e:cample  of  a  violation  of  a  strict  dominance 
test,  a  weak  dominance  test  on  Factor  A,  a  weal;  dominance  test  on 
Factor  D,  and  a  tradeoff  test  for  joint  independence  of  A  and  3  from 
C  are  shown  below : 


Strict  dominance: 
Weak  dominance  on  B: 
Weak  dominance  on  A: 
Tradeoff : 


(2,2,2)  >  (1,1,2) 
(2,2,2)  >  (2,1,2) 
(2,2,2)  >  (1,2,2) 
(2,1,2)  >  (1,2,2) 


but  (2,2,3)  <  (1,1,3) 
but  (2,2,3)  <  (2,1,3) 
but  (2,2,3)  <  (1,2,3) 
but  (2,1,3)  <  (1,2,3) 


Table  9  presents  a  breakdown  cf  the  violations  of  joint 
independence  into  the  four  categories  illustrated  above.  These  mean 
proportions  are  dearly  stable  fcr  the  unconditional  data  matrices. 
When  simple  independence  is  satisfied  by  one  or  more  factors, 


however,  it  is  possible  to  further  differentiate  aeon*/  the  tests. 
For  the  Single  data,  when  simple  independence  is  satisfied  by  Factor 
A,  tests  of  joint  independence  of  A  and  S  from  C  and  of  C  and  A  from 
B  result  in  fewer  violations.  The  weakly  dominant  tests  indicate 
that  failures  cannot  occur  in  the  A,E  of  C  and  C,A  of  E  tests  if 
simple  independence  in  Factor  A  holds.  When  simple  independence 
holds  for  Factors  A  and  B,  this  implies  that  all  violations  of  joint 
independence  for  A  and  B  of  C  must  be  tradeoff  violations.  Finally, 
when  simple  independence  holds  for  all  three  factors  then  all 
violations  for  A  and  B  of  C,  E  and  C  of  A,  and  for  C  and  A  of  B  are 
tradeoff  violations. 

The  mean  Kendall's  coefficient  of  concordance  values  for  the 
tests  of  joint  independence  are  presented  in  Table  10.  Since  these 
U  values  are  based  on  more  or  extensive  rankings  than  are  the  values 
in  Tablo  7,  they  tend  to  be  closer  to  zero.  However,  as  simple 
independence  is  satisfied  in  one  or  more  factors,  these  ”  values 
again  increase  rather  dramatically.  Observed  values  from  empirical 
data  can  be  impressively  high,  even  when  simple  independence  holds 
in  only  one  factor.  The  values  in  Table  10  car.  be  used  for 
appropriate  comparison  purposes. 
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Table  8 

Results  of  Tests  of  Joint  Independence  for  Unconditional 
Data  in  the  3x3x3  Factor  Matrix 


A  X  B  INDEPENDENT  OF  C 


MAXIMUM  TESTS  POSSIBLE: 

TOTAL  TESTS: 

SUCCESSES : 

FAILURES : 

JOINT  INDEPENDENCE :  FACTOR  C 
A,  B  OF  C  V,  =  0.578 

C  OF  A,  B  VI  =  0.346 


NUMBER  PERCENT  PERCENT  SIGNIF 
OBSERVED  EXPECTED 

108.0 

108.0 

68. 0  0.630  0.500 

40.0  0.370  0.500 

IS  THE  OUTSIDE  FACTOR. 


B  X  C  INDEPENDENT  OF  A 


NUMBER 

PERCENT 

tLiiXui.  1 

OBSERVED 

EXPECTED 

MAXIMUM  TESTS  POSSIBLE: 

108.0 

TOTAL  TESTS: 

108.0 

SUCCESSES: 

60.0 

0.556 

0.500 

FAILURES : 

48. 0 

0.444 

0.500 

JOINT  INDEPENDENCE:  FACTOR 

A  IS 

THE  OUTSIDE  FACTOR 

B,  C  OF  A  V.  =  0.437 

A  OF  B,  C  \1  =  0.086 


C  X  A  INDEPENDENT  OF  B 


NUI3ER 

PERCENT 

PERCENT 

03SERVED 

EXPECTED 

MAXIMUM  TESTS  POSSIBLE: 

108.0 

TOTAL  TESTS: 

108.0 

SUCCESSES : 

56.0 

0.519 

0.500 

FAILURES: 

59.0 

0.481 

0 .500 

JOINT  INDEPENDENCE:  FACTOR 

E  IS 

THE  CUTS  IDE  FACTO: 

C,  A  OF  3  U  =  0.374 

B  OF  C,  A  U  =  0.160 


SIGNIF 


SIGNIF 


Table  9 

Observed  Error  Proportions  for  the  Joint  Independence 
Axiom  for  3x3x3  and  4x4x4  Designs 


Analysis  Test : 

Failures 

Dominant 

Tradeoff 

Weak 

Weak 

Failures 

Failures 

Failures 

Failures 

1st  Factor 

2nd  Factor 

Factors 

3  4 

3  4 

3  4 

3  4 

3  4 

A,B  of  C 

.495  .500 

.123  -150 

.123  .150 

.124  .100 

.124  .100 

Uncond 

B,C  of  A 

.500  .502 

.124  .151 

.125  .150 

.125  .100 

.126  .099 

C, A  Of  B 

.503  .501 

.125  .151 

.125  .150 

.125  .099 

.127  .100 

(Expected) 

.500  .500 

.125  .150 

.125  .150 

.125  .100 

.125  .100 

A,B  of  C 

.245  .233 

.061  .067 

.061  .066 

.000  .000 

.123  .100 

Single 

B,C  of  A 

.332  .335 

.082  .100 

.002  .101 

.083  -063 

.084  .066 

C,A  of  E 

.243  .234 

.053  .066 

.060  .057 

.124  .100 

.000  .000 

A,B  of  C 

.079  .076 

.000  .000 

.079  .076 

.000  .000 

.000  .000 

Double 

B,C  of  A 

.190  .183 

.048  .052 

.043  .054 

.000  .000 

.094  .077 

C, A  of  B 

.140  .118 

.027  .025 

.028  .026 

.035  .067 

.000  .000 

A,B  of  C 

.053  -047 

.000  .000 

.053  -047 

.000  .000 

.000  .000 

Triple 

B,C  of  A 

.075  .071 

.000  .000 

.075  .071 

.000  .000 

.000  .000 

C,A  of  B 

.046  .040 

.000  .000 

.046  .040 

.000  .000 

.000  .000 

iiote : 

Each  mean 

proportion 

is  based  on 

108.000  tes 

cs  ( 103  tests 

for  each 

of  1000  data  sets)  or 

720,000  tec 

ts  for  the 

3x2x3  and  4x4 

x4  designs 

respectively. 

'  ,V(  v* 
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Table  1C 


Ilean  Kendall’s  Coefficient  of  Concordance  Values  for 
Joint  Independence  in  the  3x3x3  and  4x4x4  Designs 

Analysis  Design  A  of  BC  B  of  CA  C  of  AB  EC  of  A  CA  of  B  AB  of  C 


Uncond 

*■% 

w 

.110 

.113 

.114 

.325 

.275 

.415 

Uncond 

4 

.062 

.061 

.062 

.247 

.245 

.250 

Single 

3 

1 .000 

.202 

.196 

.610 

.757 

*r 

•  i 

Single 

4 

1 .000 

.131 

.133 

.‘377 

.760 

.751 

Double 

3 

1 .000 

1 .000 

.341 

.331 

.353 

.950 

Double 

4 

1  .000 

1.000 

.301 

.339 

.525 

.956 

Triple 

3 

1 .000 

1 .000 

1  .000 

1 .000 

1 .000 

1 .000 

Triple 

4 

1 .000 

1  .000 

1 .000 

1 .000 

1  .G00 

1 .000 

Note 


Each  mean  value  in  the  table  is  based  on  1000  data  set 


Tables  11  and  12  present  the  suurinries  cf  the  results 
obtained  fron  the  analyses  of  the  double  and  distributive 
cancellation  axioms.  Several  points  are  of  interest  here.  It  is 
important  to  note  that  both  cf  these  cancellation  anions  have 
several  antecedent  conditions  that  need  to  be  net  before  a  test  is 
possible.  For  double  cancellation  there  are  two  such  antecedent 
conditions  and  for  distributive  cancellation  there  are  three. 
Hence,  both  of  these  tables  first  present  the  proportion  of  all 
tests  that  were  actually  possible  in  the  data;  that  is,  tests  that 
net  the  antecedent  conditions.  For  double  cancellation  this  is  not 
a  trivial  natter  in  practice,  since  as  Table  11  illustrates,  fer 
randon  data  only  one-third  of  the  tests  can  be  expected  to  neet  the 
antecedent  conditions. 

As  nore  order  is  present  in  the  data,  the  proportion  of 
possible  tests  increases.  It  appears  fron  Table  11  that  if  two  or 
all  three  factors  satisfy  sir.ple  independence,  then  about  tiro- thirds 
of  all  tests  are  possible.  Hence,  these  proportions  surest  that 
the  nunber  of  possible  tests  in  the  data  nay  be  as  important  as  the 
uuuber  of  violations  of  these  tests  for  the  double  cancellation 
axicn.  Several  points  are  surest ea  here.  First,  the  proportion  cf 


possible  tests  cay  upon  closer  examination  in  further  research  alien; 


for  a  distinction  between  violations  due  to 
violations  due  to  a  non-additive  model.  Second 
even  if  simple  independence  holds  for  all  three 
tests  of  double  cancellation  will  be  possibl 
somewhat  counterintuitive  at  first  since  both  a::ic: 
for  ar.  additive  model.  However,  the  two  a:: 
properties  of  the  data  that  are,  though  clearly 
unique. 


randomness  and 
,  it  is  clear  that 
factors,  not  all 
a.  This  nay  seem 
ms  are  necessary 
ions  are  examining 
reiateu,  somewhat 


The  relationship  between  simple  independence  and  double 
cancellation  is  seer,  more  clearly  in  the  proportions  of  failures  in 
Table  11.  The  research  presented  here  clearly  demonstates  the 
usefulness  of  the  error  theory  approach,  ’..'hen  simple  independence 
is  satisfied  by  one  of  the  factors  A,  the  proportion  of  violations 
of  double  cancellation  drops  greatly  in  for  tests  in  both  the  i\::2 
and  A::C  planes.  Vilien  simple  independence  is  satisfied  by  all  three 
factors  the  proportions  of  conditional  violations  (that  is.  a 
violation  ppiven  a  test  is  possible)  drops  to  about  10,(  to  Is". 
Her.ce,  the  researcher  usin£  conjoint  scaling  methodology  should  r.ot 
be  overly  cptomistic  about  an  additive  model  when  conditional  error 
rates  for  double  cancellation  are  around  ten  to  fifteen  percent. 
There  values  can  be  obtainec  fer  r.ar.y  r.cnadcicive  data  sets  as  lony 
as  simple  independence  is  not  violated  bp-  two  of  the  bare-  factors. 


The  last  axiom,  distributive  cancellation,  is  examined  in 
Table  12.  It  is  clear  from  the  results  summarised  in  this  table 
that  the  distributive  cancellation  axiom  is  not  a  useful  diagnostic 
tool  for  the  conjoint  scaling  researcher.  The  axiom  is  a  very  weak 
one.  First,  it  is  interesting  and  somewhat  surprising  that  for  even 
random  data  the  proportion  of  tests  that  meet  the  antecedent 
conditions  is  very  high  in  all  cases,  exceeding  90;''.  Seconc,  even 
for  random  data  only  about  25^  of  the  tests  v:iil  result  in 
violations.  Uhen  independence  is  satisfied  by  one  or  more  of  the 
factors,  the  proportion  of  violations  is  reduced  considerably. 
These  error  proportions  are,  in  fact,  so  small  that  the  data  almost 
look  as  though  they  are  nearly  perfectly  satisfied.  The  error 
proportions  are  in  the  1.J  to  20  range  when  two  or  three  factors 
satisfy  simple  independence.  Those  results  are  also  very  important 
for  the  researcher  using  conjoint  scaling  methodology.  It  is  clear 
that  a  conclusion  of  additivity  based  on  error  rates  in  the  1,.'  to  5','. 
range  for  distributive  cancellation  could  be  quite  erroneous.  One 
could  easily  get  such  seemingly  impressive  results  when  the  model  is 
not  at  all  additive.  In  fact,  one  could  easily  get  such  results 
when  only  one  factor  satisfies  simple  independence. 


Observed  Error  Proportions  for  the  Double  Cancellation 
Axiom  for  3x3x3  and  4x4x4  Designs 


Analysis  Test: 

Possible 

Failures 

Conditional 

Tescs 

Failures 

Factors 

3  4 

3  4 

3  4 

AxS  plane 

.356 

•331 

.259 

.24? 

.757 

.743 

Uncond  BxC  plane 

.325 

.332 

.249 

.248 

.766 

•  747 

C:cA  place 

•  341 

.330 

.253 

.247 

.743 

.743 

(Expected) 

•  333 

•  333 

.250 

.250 

.750 

.750 

AxB 

plane 

.475 

.509 

.068 

.049 

.144 

.097 

3xC 

plane 

.326 

.339 

.250 

.250 

.768 

.750 

CxA 

plane 

.490 

.509 

.052 

.051 

.106 

.100 

AxE 

plane 

.623 

.095 

.064 

.152 

.100 

Double  BxC 

plane 

.485 

.509 

.065 

.050 

.135 

.093 

CxA 

plane 

.639 

.718 

.021 

.014 

.032 

.020 

AxE 

plane 

.654 

.654 

.101 

.053 

.155 

.031 

Triple  BxC 

plane 

.642 

.639 

.097 

.063 

.154 

•  099 

CxA 

plane 

.790 

.337 

.037 

.018 

.047 

.022 

Note:  I'ean  proportions  in  the  table  are  based  on  3000  testa 

(3  tests  for  1000  data  sets)  and  64000  tescs  for  the 
3x3x3  and  4x4x4  designs  respectively. 
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Table  12 


Observed  Error  Proportions  for  the  Distributive  Cancellation 
Axiom  for  the  3x3x3  and  4x4x4  Designs 


Analysis  Test: 

Outside 

Factor 


Possible 

Tests 


3  4 


Failures 
3  4 


Conditional 
Failures 
3  4 


ft 

fi 

outside 

.971 

.971 

.254 

.255 

.261 

.262 

Uncond  B 

outside 

.971 

.972 

.257 

.255 

.257 

.262 

C 

outside 

.971 

.971 

.249 

.255 

.265 

.263 

A 

outside 

.996 

.996 

.044 

.053 

.044 

.053 

Single  B 

outside 

.932 

.922 

.069 

.053 

.073 

.057 

C 

outside 

.930 

.922 

.068 

.053 

.074 

.058 

A 

outside 

.909 

.934 

.012 

.012 

.012 

.012 

Double  B 

outside 

.956 

.930 

.021 

.018 

.022 

.020 

C 

outside 

.907 

.900 

.030 

.015 

.033 

.020 

A 

outside 

.984 

.979 

.005 

.004 

.005 

.004 

Triple  B 

outside 

.945 

.913 

.003 

.006 

.005 

.005 

C 

outside 

.923 

.910 

.010 

.005 

.010 

.006 

Ilote:  Kean  proportions  in  the  table  are  based  on  243,000  tests 

(243  tests  for  1000  data  sets)  and  7,776,000  tests  for  the 
3x3x3  and  4x4x4  designs  respectively. 
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FOR  FURTHER  RESEARCH 


Subjective  assessment  techniques  for  scaling  the  joint 
effects  of  several  psychological  variables  have  been  of  interest  to 
social  and  behavioral  scientists  for  years.  In  particular,  models 
suggesting  that  the  joint  effect  is  a  function  of  an  additive 
combination  rule  have  been  suggested  in  many  applications.  In 
practice,  the  scaling  has  been  applied  to  a  limited  number  of 
interesting  situations,  however,  because  the  properties  of  additive 
conjoint  measurement  have  not  been  well  understood  (cf.,  Ilygren, 
1920;  l-Jallsten,  1976).  This  research  project  has  dealt  with  one 
aspect  of  these  theoretical  foundations,  the  violations  of  the 
properties  in  the  axiom  system  associated  with  additive  conjoint 
measurement.  It  is  felt  that  the  results  presented  in  this  paper 
will  provide  useful  data  by  which  the  applied  researcher  can 
evaluate  the  fit  of  an  additive  model  to  his  or  her  own  data  sets. 
However,  a  number  of  additional  studies  are  clearly  needed  if 


additive  conjoint  measurement  is  to  become  a  powerful  scaling 


methodology.  These  areas  are  listed  below 


errors.  This  project  w as  United  to  an  examination  of 
what  happens  to  violations  of  the  conjoint  measurement 
axioms  when  simple  independence  is  satisfied  by  none,  one, 
two,  or  all  three  of  the  factors.  The  results  are  certainly 
encouraging  with  respect  to  being  able  to  set  expected 
violation  proportions.  It  seems  reasonable  to  suggest  that 
other  axioms  (e.g.,  double  cancellation)  serve  as  the 
conditional  axiom  for  evaluating  expected  error  rates. 
Related  to  this  is  an  issue  that  was  not  touched  upon  in 
this  project.  Here  vje  started  with  random  data  and  added 
order  to  it  systematically  by  satisfying  simple  independence 
in  one  to  three  factors.  Another  approach  night  be  to  work 
in  somewhat  of  an  opposite  direction,  lie  might  start  with  a 
perfectly  additive  data  set  anc.  systematically  add  random 
error  to  it.  Ue  then  would  test  for  violations  of  the 
axions.  Uhat  this  would  do  for  the  applied  researcher  is  to 
allow  him  or  her  to  determine  expected  violations  of  the 
axioms  for  different  amounts  of  error  in  the  subjects’  data. 
For  example,  if  one  knew  that  a  particular  conjoint  scaling 
task  was  very  demanding  of  a  subject  and  could  estimate 
(from  previous  research)  the  degree  to  which  error  can  be 
expected  in  a  subject’s  judgments,  then  the  researcher  could 
compare  violations  of  the  axioms  with  the  appropriate  values 
expected  under  these  conditions.  For  a  demanding  task  one 
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might  be  expected  to  allow  for  :.:ore  violations  when 
evaluating  the  fit  of  an  additive  model. 

2.  Examination  j-oodness-of-fit  M 
scalinx  solutions.  Originally,  the  project  also 
included  as  an  objective  the  evaluation  of  the  fit  of  an 
additive  scaling  solution  to  the  generated  data  sets  used  in 
this  study.  However,  it  soon  became  apparent  that  the  cost 
in  terns  of  computer  tine  for  evaluating  several  nonmetric 
computer  algorithms  (KOIIAHOVA  and  SHAT)  would  have  been 
prohibitive  for  this  project.  Hence,  this  aspect  of  the 
project  was  abandoned.  It  is,  however,  as  important  as  the 
testing  of  the  axioms  that  was  done  here  for  several 
reasons.  First,  the  actual  scaling  solutions  for  data  sets 
that  fit  simple  independence  in  zero  to  three  factors  may 
reveal  other  aspects  of  additive  models  that  are  not  readily 
observed  in  the  tests  of  the  axioms.  Seconc,  since 
virtually  all  applied  researchers  are  interested  in 
obtaining  additive  scaling  solutions  for  their  data  sets,  it 
would  be  extremely  useful  to  know  how  good  the 
"goodness-of-fit"  measure  need  be  in  the  scaling  solution  to 
support  an  additive  modal.  A  next  step  in  this  project 
sequence  would  be  to  parallel  the  procedure  used  with  the 
axiom  testing  portion  of  SHAT  with  an  analysis  cu  the 


scaling  algorithm  in  SUAT 


3.  Comparison  different  scaling 
algorithms.  Once  a  researcher  has  found  evidence 
supporting  an  additve  model  in  his  data  (based  on  the  axiom 
tests  in  SUAT),  he  or  she  is  still  able  to  choose  from  among 
several  different  scaling  procedures.  Unfortunately,  very 
little  comparative  data  is  known  about  the  algorithms  used 
in  these  programs  under  different  conditions.  For  example, 
it  is  not  known  whether  the  algoithm  in  SUAT  or  the  one  in 
MONAHOVA  might  be  the  better  to  use  when  error  is  present  in 
the  subjects*  data  or  when  there  are  missing  data.  Clearly, 
a  systematic  study  comparing  the  algorithms  in  the  several 
different  additive  scaling  programs  would  be  very  beneficial 
to  the  applied  researcher.  It  is  entirely  possible  that  one 
algorithm  cay  be  more  robust  in  some  conditions  but  not  in 
others.  Many  studies  of  this  nature  have  been  done  in  the 
area  of  multidimensional  scaling.  Comparable  quality 
studies  are  needed  in  conjoint  scaling. 
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APPENDIX  1 


"SHAT"  is  a  computer  program  written  in  Fcrtran  IV  that 
can  be  used  to  test  for  violations  of  the  azioas  for  conjoint 
measurement  proposed  by  Krantz  and  Tversky  (1971).  In 
addition,  the  prcgraa  will  also  provide  an  additive  scaling 
solution  based  on  the  data.  SBAT  is  a  coabinaticn  of  ubat 
the  author  believes  to  be  the  acst  useful  parts  of  several 
separate  cosputer  programs.  First,  shat  provides  scae  cf  the 
saae  inforaation  as  does  Ballster's  (1974)  CONJOINT  program 
for  testing  the  conjoint  measurement  azioas.  However,  SB AT 
provides  a  more  detailed  analysis  cf  violations  of  these 
azioas,  especially  for  the  critical  axioms  of  siaple  indepen¬ 
dence  and  joint  independence.  In  addition,  SBAl  is  written 
in  Portran,  whereas  CONJOINT  is  written  in  FL/1,  a  language 
that  aay  not  be  used  at  soae  computer  installations. 

SB AT  also  encompasses  much  cf  another  axiom  testing 
program  for  conjoint  measurement.  It  employes  seme  cf  the 
saae  algorithm  used  by  Ollrich  and  Cuamins  (1973)  in  their 
PCJN2  program  for  examining  independence,  joint  independence, 
double  cancellation,  distributive  cancellation,  and  dual¬ 
distributive  cancellation.  SB AT ,  however,  aakes  some  very 
important  corrections  to  logical  and  theoretical  errors  made 
by  their  PCJH2  analysis  of  the  conjoint  measureaent  azioas. 

Finally,  SBAT  employs  a  modification  cf  the  algcrithm 
for  conjoint  scaling  first  suggested  ty  Jchnscn  (1973).  This 
simple,  yet  vary  useful,  ncnaetric  regression  procedure  has 
been  incorporated  into  SBAT  and  has  been  generalized  to  be 
more  useful  for  applied  research. 

The  SBAT  program  has  been  written  with  additional 
expansion  and  generalization  in  Bind.  A  new  extended  version 
of  the  program,  SRA12 ,  is  currently  being  written.  SBAT 
contains  several  paraaeters  and  features  of  varicus 
subroutines  that  will  be  available  in  SRAI2.  These  features 
are  ignored  by  SBAT  and  have  no  effect  or  its  algorithms 
or  output.  Soae  of  these  features  will  be  obvious  tc  the 
trained  Fcrtran  programmer.  However,  these  paraaeters  and 
related  features  should  not  be  used  in  SBAT,  since  (1)  they 
have  not  been  completely  checked  for  accuracy,  (2)  no 
documentation  is  currently  available  for  their  use,  (3)  usa 
of  these  features  may  affect  the  validity  cf  SBAT  results, 
and  (4)  several  of  the  features  will  only  be  useful  with 
applications  of  theoretical  developients  currently  being 
studied  by  the  author. 

An  effort  has  been  made  to  find  all  typographical  errors 
and  inaccuracies  in  this  manual.  Nevertheless,  seme  miner 
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************************4****** ***44*4 ********* ********* 

To  call  this  program  for  the  source  deck  fora  frca 
the  tape  "CDSCAl"  or  soae  ccaparafcle  tape  or  disk 
unit,  use  the  following  jcl  cards: 

1)  your  id  card  , 

2)  //  TIHE=2#BEGIOH=3G0K 

3)  //  EXEC  FOBIFDH,TIME.GC=2,BEGICN.GO=300K 

4)  //FOBT.SISIH  CD  0MIT=TAEE9 , ?GI=SEB=CDSCAl , 

5)  //  DISP=  (C1D,PASS)  ,DSH=SMAT  .VEB1, 

6)  //  LABEL3  (8  , SI)  , 

7)  //  DCB= (BECFfl=FB, I8EC1=80, BIKSIZE- 16C0) 

8)  //GO. SISIN  CC  ♦ 

9)  Input  deck  as  described  below  (control  and 
data  cards  go  here.) 

10)  /♦ 

11)  // 

MOTE:  fobtbdm  is  a  prcc  specific  to  the  computer 
system  at  The  Chio  State  University.  Other  instal¬ 
lations  nay  require  a  substitute  rase  on  Stateaent  3. 
For  exaaple,  FOETBCIG  aay  be  used  on  IEH  machines. 


******************************************************** 
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******** ****************************** ********** ********** 
*  * 

*  loput  Deck  Arrangeaent  * 

*  * 
***************** ******************************* ********** 


Card(s)  A.  (jcl  cards*  see  above  cards  1  through  8.) 


Card  B.  Initial  paraaeter  values  card. 
This  card  is  aandatory. 


£2l- 

JSMAi3 

2-  4 

III  » 

IES, 

if  the  axioa  testing  procedure  is  to  te 
done  on  the  data. 

6-  8 

icon 

IBS, 

if  a  conjoint  scaling  analysis  is  tc  ta 
done  on  the  data. 

12 

NF 

nuafcer  of  factors;  aaxiaua  is  5  for  SHAT. 

16 

DIH1 

nuater  of  levels  of  the  first  factor; 
aaxiaua  is  5  for  5BAI. 

20 

Did  2 

nuater  of  levels  cf  the  second  factor; 
aaxiaua  is  5  for  SRAI. 

24 

DM3 

nuafcer  cf  levels  cf  the  third  factor; 
aaxiaua  is  5  for  SHAT. 

28 

DIH4 

nuafcer  cf  levels  cf  the  fourth  factor; 
aaxiaua  is  5  for  SEAT. 

32 

DIH5 

nuafcer  cf  levels  cf  the  fifth  factor; 
aaxiaua  is  5  for  SWAT. 

36 

HBLKS 

nuafcer  cf  blocks  cr  trade-off  aatrices 
present  in  the  data;  aax=3  foe  version  1, 
aax*5  for  Version  2;  the  aaxiaua  nuafcer  of 
stiauli  in  each  fclcck  is  125  fer  either 
version. 

39-40 

NBEP 

nuafcer  of  data  aatrices  (i.e.,  subjects  or 
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tc  be  independently  rescaled.  Ihe  saxisus 
is  30  for  S1A1. 

42*44  FLAG  *  IBS,  if  data  consist  of  sore  than  one 

observation  per  cell. 

Cthersise,  the  prcgraa  expects  only  one 
observation  per  cell. 

47-48  IH1IP  If  IH1IP  equals  -1  or  -2,  it  indicates 

one  data  pcint  per  cell. 

*  -1,  if  data  are  in  a  randos  or  ncn-natural 

order,  cne  cbservaticn  per  card. 

2,  if  the  data  are  in  the  natural  order, 
strung  cut  or  cne  per  card. 

If  IN11P  equals  1,  2,  3  or  4,  it  indicates 
aultiple  observations  per  cell. 

1,  if  data  are  in  a  randos  or  non-natural 
order,  cne  replication  per  card. 

2,  if  data  are  in  the  natural  order  eith  cne 
replication  per  card. 

3,  if  data  are  in  a  randos  or  non-natural 
order,  all  replications  per  card. 

4,  if  data  are  in  the  natural  order  with  all 
replications  cn  a  card. 

If  INTIf  equals  1  or  3,  the  nusber  of 
replications  need  not  be  the  saae  in  each 
in  each  cell;  if  equal  to  2  or  4,  the 
nusber  of  replications  is  assused  to  be 
equal  for  all  cells. 

4 

49-56  EHPIY  a  real-valued  nusber  indicating  the  cutoff 

for  data  to  be  treated  as  sissing;  all 
observations  egual  to  or  less  than  the 
value  of  ERE1Y  will  be  ignored. 

58-60  OVBD  *  TES,  if  the  data  for  all  subjects  ace  tc  be 

averaqed  regardless  of  he «  veil  the  sets 
of  judqsents  axe  correlate  with  one 
another. 

64  J01I1  s  o,  if  input  data  values  are  cn  punched  cards. 

«  ti,  if  input  data  values  are  cn  logical  unit 

nusber  *  E * • 
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67-68 

VCABD 

nuaber  of  title  or  description  cards 
used;  aaziaua  is  99  for  SRA1. 

Card  C. 

Initial  paraaeter  values  for  testing  the  azioas. 

This  card  is  present  only  if  Ill  =  IES;  otherwise 
skip  to  Card  D. 

£21- 

mat sis£ 

seasisa 

2-  4 

AX1EST  ( 1) 

- 

IES,  if  siaple  Independence  aaong  the 
factors  is  to  he  tested. 

6-  8 

AXIEST  (2) 

3 

IES,  if  Double  Cancellation  ancng  the 
factors  is  to  he  tested. 

10-12 

AXIEST  (3) 

3 

' t£S ,  if  Joint  Independence  aaong  the 
factors  is  to  he  tested. 

14-16 

AXIEST  (4) 

3 

IES,  if  Distributive  Cancellation  aaong 
the  factors  is  to  he  tested. 

18-20 

AXIEST  (5) 

3 

IES,  if  Dual-Distributive  Cancellation 
the  factors  is  to  he  tested. 

22-24 

PBII1  * 

0. 

if  none  of  the  violaticns  cf  the  azioas 
are  to  be  listed.  That  is,  the  user  has 
the  option  cf  having  the  S1A1  progran  list 

all  or  part  of  the  set  of  violations  cf 
each  azioa.  If  EEIRT  *  0  is  specified, 
the  violations  will  not  he  printed,  ibe 
aaziaua  value  cf  EEIRT  is  999  is  SHAT. 

*  I,  if  I  violations  of  each  azica  are  to  he 

printed,  lhe  user  is  cautioned  to  choose 
a  aoderate  value  cf  R  since  an  eztensive 
nunber  cf  printed  lines  could  result. 

26-28  SOPBS  *  IES ,  if  the  printing  cf  the  aatriz  cf  cell 

violaticns  is  to  be  suppressed.  It  will 
not  be  printed  for  any  of  the  axicis. 


lhe  paraaeters  is  coluans  33*56  apply  to  tests  of 
Distributive  and  Dual-Distributive  Cancellation  only, 
for  both  of  these  azioas,  one  factor  is  considered  the 


a 
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"outside"  factor.  For  exaeple,  for  the  Distributive 
Cancellation  axioa  we  could  have  the  scdels: 

(A  ♦  B)  x  C ,  where  C  is  the  outside  factor; 

(A  ♦  C)  x  B,  where  B  is  the  outside  factor; 

(B  ♦  C)  x  A,  where  A  is  the  outside  factor. 

•*** *****«*•« ******** ****** ********* ******** ****** ****** 


30-32  DISH V  ( 1) 


34-36  DISH?  (2)  = 


38-40  DISf  I>¥  (3)  * 


42-44  DDSTL¥  (1) 


46-48  DDSTLY  (2)  » 


54-56  DDS1LY  (3) 


IES  ,  if  Distributive  Cancellaticn 

with  factcr  A  as  the  outside  factor 
is  to  he  tested. 

IBS,  if  Distributive  Cancellation 

with  factcr  £  as  the  cutside  factor 
is  to  be  tested. 

IES,  if  Distributive  Cancellaticn 

with  factor  C  as  the  outside  factcr 
is  to  be  tested. 

IBS ,  if  Dual-Distributive  Cancellation 

with  factor  A  as  the  cutside  factcr 
is  to  be  tested. 

IES,  if  Dual-Distributive  Cancellation 

with  factcr  E  as  the  cutside  factcr 
is  to  be  tested. 

IBS,  if  Dual-Distributive  Cancellation 
with  factcr  C  as  the  cutside  factcr 
is  to  be  tested. 


Card  D.  Initial  parameter  values  for  conjoint  scaling. 

This  card  is  present  only  if  the  parameter  ICON  =  IES. 


£3l-  £££Jl£tS£ 

3-  4  IISLIH 


nueber  of  iterations  allowed  tc  reach 
the  optisal  scaling  criterion.  (Ihe 
default  value  is  the  eaiiiue  cf  80.) 


6-  8  INI 


*  IBS,  weighting  of  the  factors  is  desired. 


10-12  HIES  *  TES,  if  ties  in  the  data  are  tc  be  left 

as  ties  in  the  scaling  solutioc. 
Otherwise,  if  ties  are  not  to  be  fenced 
in  the  scaling  solution,  S 1AI  will 


«•  i* 
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break  ties  as  necessary  to  iaprcve  the 
fit  of  the  scaling  scluticn. 

14-16  1ABBI  *  YES,  if  labels  describing  tbe  levels  of  the 

factors  are  provided  by  the  user.  Any 
eight  character  description  can  be  used 
for  each  label. 

If  no  labels  are  provided  by  the  user, 
the  levels  will  be  numbered  fro*  *1*  tc 
•  H  * ,  where  E  is  tbe  total  nu*ber  of  levels 
of  all  cf  the  factors. 

t 

10-20  UPON  *  YES,  if  the  final  scale  values  for  the  fl 

factor  levels  and  for  the  final  scaling 
solution  will  be  punched  cn  cards. 

22-24  LASIIT  *  IES,  if  SUM  is  to  use  the  scaling  solution 

fro*  the  last  iteration. 

If  1ASTI1  is  net  set  to  IBS,  SEAT  will 
use  the  scluticn  fro*  the  iteration  with 
tbe  lowest  1HE1A  value. 

(1BETA  is  the  aeasure  of  tadness-of-f it 
used  in  SHAY.) 

26-28  BBEVB  *  IBS,  if  the  input  data  is  to  be  reversed;  that 

is,  given  values  cf  the  opposite  sign. 

Ibis  aeans  that  siall  data  values  will 
result  in  large  scale  values. 

If  1BEVS  is  net  set  to  YES,  the  data  will 
be  left  as  is. 

30-32  IPtOl  =  IES,  if  a  ploting  of  the  original  data 

(x-axis)  vs.  the  rescaled  additive 
stimulus  values  (y-axis)  will  be  drawn 
for  each  block  cf  data  (i.e.,  HEIRS). 

33-40  IBAB  an  eight  digit  randca  nuaber  tc  generate 

the  initial  configuration  in  the  scaling 
analysis. 


Card  E.  Criterion  and  start  card,  (foriat  is  2F8.4). 

Ibis  card  is  present  only  if  tbe  parameter  ICON  *  YES. 

fial-  maisisi  £SA£iss 

1-  8  CBIIE  this  is  the  i*prcve*ent  criterion  value 

for  stopping  tbe  iterative  procedure. 
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(A  typical  value  is  0.0001.) 

9-16  STABI  a  real-valued  additive  constant  tc  te 

added  to  the  scale  value  of  each  stimulus 
in  the  analysis.  This  value  is  usually 
left  as  0.0. 


Card  (s)  F.  labels  card  (s)  • 

these  cards  are  optional  and  will  te  included  only  if  the 
LAE11  parameter  cn  Card  D  is  set  to  TXS.  Also,  these 
cards  are  present  only  if  the  parameter  icon  -  yes. 

The  forest  is  (8A8) .  Each  card  contains,  in  erder,  the 
labels  of  the  factor  levels.  There  can  te  a  aaxiaua  of 
nine  labels  per  card.  Each  label  can  be  up  to  eight 
characters  in  length.  Ose  as  sany  label  cards  as  needed. 


££l- 

faiaisiai 

flsanifia 

1-  8 

VBA9E  (1) 

label 

for 

level 

1 

cf 

factcz 

1  «»). 

9-16 

VBASE  (2) 

label 

for 

level 

2 

cf 

factor 

1. 

17-29 

VMAflE  (3) 

label 

for 

level 

3 

cf 

factor 

1. 

•  etc. 


Card(s)  6.  Elock  identification  cazd(s). 

These  cards  indicate  informatics  about  each  block  of 
data.  A  "block**  is  one  set  of  judgments  obtained  fees 
the  factorial  crossing  of  two  cr  acre  factors.  The 
data  within  a  block  can  be  ccapazed;  the  data  aezess 
blocks  are  not  directly  ccaparatle. 

There  will  be  as  aany  cards  as  there  ace  blocks. 


£Sl* 

4 

FC  (b) 

nuaber  of 

factors 

in  this 

Elcck 

t. 

6-  8 

111  A  1(b) 

nuaber  cf 

stiauli 

or  data 

cells 

in  Block  b 

12  IDHA2  (1 , b) 


the  factor  suiter  for  the  ficst  factor  in 
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16  ID8A2 (2,b) 


20  IDBA2  (3,b) 
•  etc. 


Block  t. 

the  factor  caeter  for  the  second  factor  in 
Block  b. 

the  factor  nueber  for  the  third  factor  in 
Elcck  b. 


For  exaaple,  suppose  that  the  user  had  a 
three  factor  design  with  the  data  being 
entered  in  three  two-factcr  tradeoff 
■atrices.  Then  for  Elock  1 ,  1EBA2(1,1) 
sight  be  ^§  IDEA2(2,1)  night  be  2 ,  and 
IDBA2(3,1)  would  be  irrelevant. 


Card  (s)  H.  Title  card  (s) .  (Fornat  is  2014). 

Use  as  nan;  cards  as  are  specified  by  the  paraneter  HCAHD 
on  Card  B,  coluans  61*68. 


Card  I.  Fornat  for  reading  in  the  data. 

The  data  aust  be  real-valued  nuabers.  The  fornat  aust 
and  end  with  a  parenthesis. 


Card (s)  J.  Data  cards. 

All  HBEP  data  aatrices  will  be  placed  here,  cne  behind 
the  other.  The  fornat  aust  confora  with  Card  B. 

These  cards  will  be  different  depending  cn  the  value  of 
the  paraneter  ITXEE. 

If  I1IPE  »  -I,  then  proceed  as  follows: 

For  each  data  card  there  should  be  four  nuabers  cn 
the  card  punched  in  the  foraat  specified  above. 

a  the  level  of  factor  A. 

b  the  level  cf  factor  E. 

c  the  level  cf  factor  C. 


V V  .  •  •  ■ 


rasBBHsronariFKFTcra  ■.*  •'*  %  v* ;  * 
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EHTBT  the  actual  data  value*  a,  fc,  and  c  *1 

are  assuaed  tc  be  integers;  entbi  is 
assuaed  to  be  real.  ■} 

■/ 

If  HYPE  =  -2,  then  proceed  as  follows: 

Data  should  be  strung  out  in  natural  crder.  Data  _ 

can  be  cne  observation  per  card  cr  can  be  aulti-  !;• 

observations  per  card.  j 


If  ITYPE  =  1,  proceed  as  with  HYPE  =  -1.  ihere  should 
be  one  card  for  each  replication  of  each  observation. 
The  last  data  card  should  have  a  =  999. 


If  IlYPE  3  2 ,  then  proceed  as  follows: 

Card  II.  The  data  cards  should  be  preceded  by  a 

Card  that  has  the  number  of  replications 
for  each  observation  punched  in  ccIubes 
3-4. 

The  data  cards  should  have  cne  replication  cf  each 
observation  punched  cn  the*. 

If  HYPE  *  3,  then  proceed  as  follows: 

Each  data  card  should  have  the  following  entries 
punched  cn  theas 


a  level  cf  factor  A. 

b  level  cf  factor  E. 

c  level  of  factor  c. 

HE  nuaber  of  replications  cf  this 

observation. 

EHTB  ( 1)  -  EHTB(BE)  HE  actual  data  values. 

a ,  b ,  c,  and  IE  are  assuaed  tc  be 
integers;  ERIE  is  assuaed  to  be  real. 

If  ITYPE  *  4 0  then  proceed  as  when  I1YFE  =  2 ,  except  that 
all  replications  cf  each  observation  are  on  the 
sane  card.  Data  are  assuaed  to  be  in  the  natural 
order. 


End  of  analysis  card. 

A  blank  card  tc  signify  the  end  of  the  analysis.  If 


••f 

■> 


* 


-  ■* 
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******************* ******* 4**#*«*«*4*4 ************ 
*  ♦ 

♦  S  9  A  I  EXABELES  * 

*  * 
**************** ********************************** 


the  following  example  is  an  illastration  cf  the  use  cf  SWAT  tc 
test  axioms  foe  and  to  scale  a  set  cf  data  from  a  4x4x3  design. 
The  data  are  for  one  subject  with  three  replications  cf  each 
judgment.  Hence,  HBEP  =  1  but  EIAG  =  yes. 


TES  YES  3  4  4  3  0  0  1  1  IIS  4  0.00  BC  0 

YIS  YES  YES  YES  HO  20  YES  TES  YES  YES  HC  HC  HC 

15  HO  IES  HO  YES  IIS  IES65492355 

0.0010  0.0000 

JL=-. 10  $L=— .20  JL=-.30  11=-. 40  PL=1/8  PI=2/8  Pl=3/8  Pl=4/8 

Pf*2/8  PH* 3/8  P 9*4/8 

EXAMPLE  HO.  1.  OHE  SUBJECT  HUB  THBEE  BEE1ICATIOBS. 

CO H JOINT  SCAIIBG:  BISKIBESS  DATA. 

TEST  ALL  AXIOHS  AHD  PEBFGEH  THE  SCALING  ANALYSIS. 

1  SOBJECY. 

48  STIMULI.  1X4X3X4  DESIGN. 

YBBEE  BEPLICAYIGNS  OF  EACH  JOOGEENT. 

FACYOBS  ABE: 

ABOUNT  TO  LOSE,  4  LEYELS.  -10,  -20,  -30,  AND  -40  CENTS • 

PBOBABILITY  OF  9IHHIHG,  3  LEYELS.  2/8,  3/8,  AND  4/8. 

PBOBABILIIY  CF  LOSING,  4  LEYELS.  1/8,  2/8,  3/8,  AND  4/8. 

SCALE  BAXGES  FSOH  *1*  TG  *100'. 

STIBOLI  ABE  IN  THE  NATOGAL  CBDEE. 

(316.0) 

3 

3  5  5 

4  5  5 

4  5  6 

9  9  9 

8  9  9 

9  9  9 

14  15  15 

15  15  15 


15 
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The  following  example  is  an  illustration  cf  the  use  of  SNA!  to 
test  axioes  for  and  to  scale  a  set  of  data  fron  a  4x4x3  design. 
The  data  are  for  three  subjects  with  one  replication  of  each 
judgaent.  Hence,  HflEP  =  3  and  FLAG  =  YES. 


§ 


IKS  TES  344300  13  US  4  0.00  NC  0 

TES  TES  TES  TES  NO  20  TES  TES  TES  TES  NO  NG  NO 
15  NO  IES  NC  TES  TES  TES65492355 

0.0010  0.0000 

SL*-. 10  $L=- .20  S 1= - . 3 0  $1=-. 40  PL=1/8  FL=2/8  PL=3/8  PI=4/8 

PB«2/8  PS-*3/8  PB=  4/8 

EXAMPLE  HO.  2.  THBEE  SUBJECTS  NITB  ONE  EEP11CA1ION. 

CONJOINT  SCALING:  BISKINESS  DATA. 

TEST  ALL  AXIOHS  AND  PEBECBH  THE  SCALING  A5A1ISIS. 

3  SUBJECTS. 

48  STIBOLI.  114X3X4  DESIGN. 

OHE  BEPLICATIOH  OF  EACH  J0CGHENT. 

FACTOBS  ABE: 

AHOOIT  TO  LOSE,  4  LEVELS.  -10,  -20,  -30,  AND  -40  CENTS. 

PBOBABILITT  OF  BINNING,  3  IEVELS.  2/8,  3/8,  AND  4/8. 

PBOBABILITT  CF  LOSING,  4  LEVELS.  1/6,  2/8,  3/8,  AND  4/8. 

SCALE  BAHGES  FEOH  *1*  TC  M00*. 

ST I HU LI  ABE  IN  THE  HATUBAI  CBDEE. 
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19 

19 

19 

52 

52 

51 

29 

29 

29 

29 

28 

29 

89 

89 

89 

38 

39 

39 

39 

39 

39 

15 

15 

16 

15 

14 

15 

14 

14 

15 

51 

52 

51 

29 

29 

29 

29 

29 

29 

92 

91 

91 

61 

51 

52 

46 

45 

45 

96 

96 

92 

95 

94 

94 

59 

59 

59 

19 

19 

19 

19 

19 

19 

19 

19 

19 

88 

89 

89 

39 

39 

89 

39 

39 

39 

94 

96 

95 

96 

93 

94 

59 

59 

59 

98 

99 

96 

97 

98 

96 

98 

97 

96 
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The  following  exaaple  is  an  illastraticn  c£  the  ase  of  SHAT  t_ 
test  axions  fct  and  to  scale  a  set  cf  data  fioa  a  3x3x3  design. 
Ihe  data  are  for  one  saiject  with  one  replication  cf  each 
jodgaent.  Hence,  HBEP  =  1  and  FUG  =  HQ. 


IIS  IIS  333300  11  HO  -2  0.00  IES  0 

IES  IES  IES  IES  HO  20  HG  YES  YES  YES  SC  SC  HG 
60  HO  YES  HO  YES  YES  YES8S456773 

0.00001  0.00000 

TIHE1  TIHE2  TIHE3  EFFOBI1  EFF0B12  EFFOBT3  ST6ESS1  STBESS2 
STBESS3 
EXABPLE  HO.  3. 

FOIL  HATBIX  (27  STIfiOlI)  DATA. 

CO H JOINT  SCALING:  SHAT 
1  AYEBAGE  SOBJECT. 

27  SIIHOLI.  3Z3Z3  DESIGN . 

FACTOBS  ABE  IIHE,  EFFOB1 ,  AND  STBESS. 

STIHOLI  ABE  IH  THE  HATOBAI  CBDEE. 

(F6. 1) 

1.0 

2.0 

6.0 

3.0 

10.5 

13.0 

5.0 

8.0 

15.0 

4.0 

10.5 
14.0 

9.0 

16.0 

21.0 

12.0 

20.0 

24.0 

7.0 

17.0 

22.0 

18.5 
23.0 
26.0 
18.5 


HO  -2 
SC  SC 


0.00  YES 
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25.0 

27.0 


CTVJX-XT.V'V' 
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Ihe  following  ezaaple  is  an  illustration  of  the  use  of  SHAT  to 
test  azioas  for  and  to  scale  a  set  of  data  frca  a  3x3x3  design, 
the  data  are  for  two  subjects  with  cne  replication  of  each 
judgment.  Bence,  HBEP  =  2  and  FLAG  -  IBS. 
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YES  YES  333300  12  YES  4  0.00  YES  0 

YES  YES  YES  YES  BO  20  BC  YES  YES  YES  DC  DC  NO 

60  ho  yis  mo  yes  yes  YEse9456r}3 

0.00001  0.C0Q00 

11 HE  1  TIHE2  TIHE3  EFFOfiH  EFFCBT2  EEFCBT3  S1BESS1  STBESS2 


11  HE  1  1IHE2  TIHE3  EFFOfiH  EFFCBT2  EFFCBT. 

S1BESS3 

EXAHPLE  VO.  4.  POLL  HATBII  (2?  STIH01I)  DATA. 
CONJOIN I  SCALING:  SHA1 


2  SUBJECTS. 
27  S1IBULI. 


3X313  DESIGN. 


FAC10BS  ABE  1IHB,  EFFOBT,  AMD  S1BESS. 
STIMULI  ABE  IM  THE  NATUEA1  CBDEE. 
(216.1) 


9.0  10.0 

10.0  11.0 
11.0  12.0 
12.0  13.0 


13.0 

14.0 

15.0 

16.0 


14.0 

15.0 

16.0 

17.0 


17.0  18.0 

18.0  19.0 

19.0  20.0 

20.0  21.0 
21.0  22.0 
22.0  23.0 

23.0  24.0 

24.0  25.0 
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25.0  26.0 

26.0  27.0 

27.0  28.0 
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The  following  exaaple  is  an  illustration  c£  the  use  cf  SSAT  to 
test  axiows  for  and  to  scale  a  set  cf  data  fxcn  a  3x3x3  design, 
lbe  data  are  for  one  subject  with  one  replication  cf  each 
judgaent.  Hence,  NBEP  =  1  and  FLAG  *  10.  In  addition,  however. 


the  data 

are 

presented  in 

three  tradeoff 

■atrices 

for  three 

pairs  of 

factors. 

Bence, 

NBLKS  =  3  and  i 

Cards  G  are  included. 

YES  YES 

3 

3 

3  3 

0  0  3  1 

NO  -2 

0.00 

YES  0 

YES  YES 

NO 

NO 

NO  20 

NO  NO  NO  NO 

NO  NO 

NO 

60 

NO 

YES 

NO  YES 

YES  YES89456773 

0.00001 

0.00000 

TIHE1 

IIHE2 

TIHE3 

EFFOBT 1  EFFCB12 

EFFCB13 

STEESS 1 

STBESS2 

STBESS3 

2  9 

1 

2 

2  9 

1 

3 

2  9 

2 

3 

BXABPLE  NO.  5. 

FOIL  BAIBIX  (27  STIBUII)  DATA. 

CONJOINT  SCALING:  SBAT  TBADE-CEF  BATEICES. 

1  AVEBAGE  SUBJECT. 

27  STIHULI.  3X3X3  DESIGN. 

3  BLOCKS,  9  S1IB0LI  IN  EACH  BICCK. 

FACTOBS  ABE  TIBE,  EFFOBT,  AND  STEESS. 

STIBDLI  ABE  IN  THE  BA10BAI  CBDIS. 

(9X,F7. 1) 

100100000  9.0 

010100000  8.0 

001100000  6.0 

100010000  7.0 

C10010000  4.0 

001010000  3.0 

100001000  5.0 

010001000  2.0 

001001000  1.0 

100000100  9.0 

01C000100  6.0 

001000100  3.0 

100000010  8.0 

010000010  5.0 

001000010  2.0 

100000001  7.0 

010000001  4.0 

001000001  1.0 

000100100  9.0 

000010100  6.0 

000001100  3.0 

000100010  8.0 

000010010  5.0 

2.0 


iMilUl  ilh 
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page  23 


000100001  7.0 
000010001  4.0 
000001001  1.0 
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The  following  exaople  is  an  illustration  cf  one  of  the  randca 
data  sets  used  in  the  Nygren  (1983)  stud;.  The  analysis  is 
set  £cr  SHAT  to  test  axicss  and  scale  the  data  in  a  3x3x3 
design. 

The  data  are  for  one  subject  with  one  replication  cf  each 
jndgsent.  Hence,  NBEP  =  1  and  El  AG  =  BC. 


TES  YES  3  3  3  3  0  0  1  1  HC  -2  0.00  TES  0  3 

TBS  TBS  TES  TBS  NO  0  TBS  TES  TES  TES  NC  NO  NO 

60  HO  TES  NO  TES  BC  N076655659 

0.00001  0.00000 

TIHE1  TIHE2  TIMB3  EEPCfiTI  EFFCBT2  EIFCBT3  SIBESS1  STBESS2 
STBISS3  EXAMPLE  NO.  5.  27  STIMULI.  3X3X3  CESIGN.  BANDCM  DATA. 

(76655659) .  1  BANK  SUBJECT.  STIEULI  ABE  IB  THE  BATOBAL  GBOEB .  (3E7.2) 

21.00  11.00  15.00 

22.00  3.00  12.00 

14.00  10.00  25.00 

13.00  16.00  5.00 

27.00  7.00  20.00 

2.00  1.00  6.00 

24.00  23.00  26.00 

8.00  4.00  19.00 

9.00  17.00  18.00 
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The  following  exaaple  is  an  illustration  c£  cne  of  the  randcn 
data  sets  nsed  ia  the  Vjgcen  (1983)  stud;.  The  analysis  is 
set  foe  SHAT  tc  test  axioas  and  scale  the  data  in  a  3x3x3 
design.  Staple  independence  holds  £ct  factor  A. 

The  data  are  for  one  subject ' with  one  replication  cf  each 
jedgsent.  Hence,  igep  *  1  and  HAG  *  10. 


TtS  TBS  3  3  3  3  0  0  1  1  HC  -2 

TBS  TBS  TBS  TBS  HO  0  IBS  IBS  IBS  IES  SC  SC 

60  HO  IBS  HO  IBS  HO  H076655€59 

0.00001  0.00000 

TISB1  TIME 2  TIHE3  EfIOBTI  BTF0BI2  BEPCHT3 

STBBSS3  BIAHPIB  HO.  6.  27  S1IB01I.  31313 


(76655659) .  1 

BAMK  SUBJECT.  SIIHOII 

13.00 

11.00 

5.00 

8.00 

3.00 

12.00 

2.00 

1.00 

6.00 

21.00 

16.00 

15.00 

22.00 

6.00 

19.00 

9.00 

10.00 

18.00 

26.00 

23.00 

26.00 

27.00 

7.00 

20.00 

16.00 

17.00 

25.00 

0.00  TBS  0  3 

HO 


STBESS1  STBESS2 
EESIGH.  SiHOCH  DATA. 
BATCHAI  CEDES.  (317.2) 


I 
I 
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The  following  exaaple  is  an  illastraticn  cf  cne  cf  tbe  randca 
data  sets  used  in  the  Hygren  (1983)  study.  The  analysis  is 
sat  for  SHAT  to  test  azioas  and  scale  the  data  in  a  3x3x3 
design.  Siaple  independence  hclds  for  Factccs  A  and  B. 

The  data  are  for  one  subject  with  one  zeplicaticn  cf  each 
jndgaent.  Hence#  NBEP  =  1  and  HAG  =  BG. 


IBS  IBS  3  3  3  3  G  0  1  1  HO  -2  0.00  IES  0  3 

IIS  IBS  TBS  IES  NO  0  YES  YES  YES  YES  BC  HO  HO 

60  NO  YES  HO  YES  NO  H076655659 

0.00001  0.00000 

II HE 1  TIHE2  XIHE3  EFICBT1  E7FCET2  EEF0BT3  STB  ESS  1  STBESS2 
STBESS3  EXAMPLE  NO.  7.  27  STIHOII.  3X3X3  DESIGN.  BANDCH  DATA. 

(76655659).  1  BANK  SUBJECT.  STIEULI  ABE  IB  THE  HAIUBAL  OBDEB.  (3E7.2) 

2.00  1.00  5.00 

8.00  3.00  6.00 

13.00  11.00  12.00 

9.00  4.00  15.00 

21.00  10.00  18.00 
22.00  16.00  19.00 

14.00  7.00  20.00 

24.00  17.00  25.00 

27.00  23.00  26.00 
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Ihe  following  example  is  an  illustration  cf  cne  of  the  randca 
data  sets  ased  in  the  Hygren  (1983)  study.  The  analysis  is 
set  foe  SHAT  tc  test  axiois  and  scale  the  data  in  a  3x3x3 
design.  Siaple  independence  holds  for  Factors  A ,  E ,  and  c. 
the  data  are  for  one  subject  with  one  replication  cf  each 
jodgaent.  Bence,  HBEP  =  1  and  FIAG  *  HO . 


US  YES 

3 

3  3  3 

0  0  11 

HO  -2 

0.00 

YES  0 

3 

IBS  YES 

YES  YES  MO  0 

YES  YES  YES  YES 

SC  sc 

HO 

60 

HO  YES  MO  YES 

10  M07€655€59 

0.00001 

0.00000 

1IHB1 

TIHE2  TIBE3 

EFFGBT1  EFFOBT2 

EFI0BT3 

STBESS1 

STBESS2 

S1BESS3 

EXAMPLE  MO.  8. 

27  STIHOLI. 

3X3X3 

DESIGH. 

EANDCH  DATA. 

(76655659) .  1 

B1MK  SUBJECT.  STIB01I  ABE 

IS  THE 

HATCBAL 

CBDEG. 

(3F7.2) 

1.00 

2.00 

5.00 

3.00 

6.00 

8.00 

11.00 

12.00 

13.00 

4.00 

9.00 

15.00 

10.00 

18.00 

21.00 

16.00 

19.00 

22.00 

7.00 

14.00 

20.00 

17.00 

24.00 

25.00 

23.00 

26.00 

27.00 

APPENDIX  2 


APFBSDXX  2 


P»9*  t 


»  Ul  TTTTTTT 
I  A  A  T 

BAA  T 

BAA  t 

B  B  AAAAAAA  T 

B  1  B  A  A  T 

B  B  B  A  A  T 

B  BB  A  A  I 

BAA  T 


THOBAS  B.  BI6BBB 

AininnT  or  psicboioci 

OBXO  STATE  OBIBBBSITY 
BOBC  B.  17TB  ATBBOB 
COLDHBBS#  OB  10  *3210 


SABPLX  FBI 1 TOOT  FBOB  SB AT  SB 06 BAB*  TBBSIOB  2.0. 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS-1963-A 
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S  1  A  T  1  S 

OSO  YBRSXOl  2.0 
APBIL,  1983 
THOMAS  R.  MYGREM 
DEPARTS EHT  OP  PSYCHOLOGY 
OHIO  STATE  OMIVEBSITY 
404C  H.  17TH  AVEBOE 
COLOMBO S,  OHIO 


TITLE:  SXAHPLE  HO.  1. 

TITLE:  27  STIBBLI.  3X3X3  DESIGH.  BAHDOH  DATA.  (76655659). 
TITLE:  1  BAIR  S OBJECT.  STIHDLI  AEB  IB  THE  BATQBAL  OBDEB. 


POBHAT  FOB  RBADIBC  IB  DATA  * 
(317.2) 


IHXTIAL  PAB ABET BBS  FOB  AIALYSIS : 


IAX  -  ABE  TESTS  OP  AXIOHS  TO  BE  HADE?  YES 

ICOE  *  IS  A  COB  JO  IB  T  SC  ALIK  TO  BE  D0BB7  .  YES 

BF  -  HOHBSB  OF  FACTOBS  IB  THE  DSSIGH  3 

HBLKS  -  HOHBEB  OF  BLOCKS  IB  THE  DESIGE  1 

BEEP  -  HBHBBB  OF  DATA  HI TRICES  TO  BE  SCALED  1 

FLAG  ~  IS  THEBE  HOBB  THAB  OBE  OBSEBYATIOH  PBB  CELL?  BO 

HTTP  -  METHOD  FOB  BE  ADI  MG  IB  DATA  MATRICES  IS:  -2 

EMPTY  -  HISSIHC  DATA  CUTOFF  VALUE  IS:  0.0 

©FED  -  ABB  SUBJECTS  DATA  TO  BE  AVBBAGBD  REGARDLESS?  YES 

JOEXT  “  OBIT  BOBBER  FOB  IHPOT  OF  DATA  5 

BCABD  *  HOHBEB  OF  TXTLE/DESCRIPTXOH  CARDS  USED  3 

VBXBT  -  BAX  BOBBER  OF  YIOLATXOHS  TO  BE  PRIETED  0 

SO PBS  -  SUPPRESS  PBIBTZIG  OF  CELL  VXOLATZOBS7  YES 

HBHBBB  OF  DXHBBSXOBS:  DIB  (1)  DIH  (2)  DIB  (3)  DIB  (4)  DIB  (5) 

3  3  3  0  0 


PARABETBBS  FOR  AXIOB  TESTIHG  PROCBDOBE : 

AXIOHS  TO  BE  TESTED:  AXTEST1  AXTBST2  AX  TEST 3  AXTBST4  ATTESTS 

(IHDEP)  (DBLCAH)  (JIBDEP)  (DSTCAH)  (DDCAI) 


PT»T**. ”  " 


'■*. 


..  myW  T.  *  ■ 


PUBIUIWUI' ?.YW ?•  i"  . 


V3 

a 


i»»n»n  2 
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R 


TBS  TBS 


TBS  TBS 


BO 


’mV. 

1L3 


DISTLY(I)  DISTLY  (2)  DISTLY (3)  DOSTLT(I)  DDSTLT  (2) 
TBS  TBS  TBS  MO  BO 


DDSTLT (3) 

BO 


ATBBA6BD  DATA  FBOB  ATBBA6IB6  BBOCEDOBB:  BLOCK  1. 

BLOCK  STIMULUS  ATBBA6B  TALOB 


a 

1 


1 

21.00 

2 

13.00 

3 

24.00 

4 

22.00 

5 

27.00 

6 

8.00 

7 

14.00 

8 

2.00 

9 

9.00 

10 

11.00 

11 

16.00 

12 

23.00 

13 

3.00 

14 

7.00 

15 

4.00 

16 

10.00 

17 

1.00 

18 

17.00 

19 

15.00 

20 

5.00 

21 

26.00 

22 

12.00 

23 

20.00 

24 

19.00 

25 

25.00 

26 

6.00 

27 

18.00 

BATA  HATS IX  BBZB6  CHBCKBD  FOB  AZIOfl  TIOLATIOBS. 
BLOCK  1.  BBFLXCATXOB  1  OF  1. 


a 


imn  BLOCK  BO. 
A  -  1 

B  *  1  21.00 

B  *  2  22.00 

B  -  3  10.00 


1 

2 

13.00 

27.00 

2.00 


3 

24.00 

8.00 

9.00 


C  *  1 


I 


i  '  .  •  ♦  *  .  •  .  *•  >*  '  •  '  .  •  m  %  «.  •*» 


C-'v'  '■•’y'C'V'A.'. 
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12  3 

11.00  16.00  23.00 

3.00  7.00  0.00 

10.00  1.00  17.00 


1 

15.00 

12.00 

25.00 

BTC. 


2  3 

5.00  26.00 

20.00  19.00 

6.00  18.00 


C  *  3 


TEST  SIIBUI  STATISTICS:  IIDEPESDEICB. 


DATA  HATBIX  BEII6  CBKKSD  FOB  XBDEPSIDESCB: 


A  IIDSPBBDBBT  OP  B  AID  C 


TBST  TIOLATIOIS:  PZBST  0  FAIL0BBS. 


TBST  SMBABT  STATISTICS:  IIDBPBBDBICB. 


A  IBDBPBI OBIT  OP  B  AID  C 


TIB  ▼  ALOIS  PBHTBD  BBLOI  IIDICATB  TBB  DB6BBB  TO  BBICB 
TIB  AXZOBS  ABB  BBII6  PIT  BX  TBB  DATA. 

SBB  TBB  "CJSCAL”  BAISBOOK  POB  A  DETAILED  BXPLAIATIOB. 


’kfrJirJ 


Li  -•».  j-4  i 


mntn  2 


BUBBBB  PERCE IT  PERCBST  SX6BIF 
OBSERTED  EXPECTED 


BAXXBOB  TESTS  FOSSXBU: 
TOTAL  TESTS: 


FlILOBSS: 


108.0 

108.0 

52.0 

56.0 


0  •  A 8 1 ********* 

0 .5 19*********** ****** 


IintPBBDEBCE:  FACTO 1  C  XS  THE  OOTSIDE  FACTO! , 


B  OF 
A  OF 


12  3 

0.333  0.778  0.0 

0.111  0.AM  0.111 


TEST  SBHBAEY  STATISTICS:  IlOEPBlDBICB. 


DATA  BATE XX  BEX BO  CHSCXSD  FOE  X  BDSPBB DBBCE : 


B  XBDEFBBDEBT  OF  C  ABD  A 


TEST  VXOLATXOBS:  FXBST  0  FAX  LOBES. 


TEST  SO BE All  STATISTICS:  X ID BP EB DBBCE . 


OF  C  ABD  A 


To, 


s  v  .  .  .  .  .. 


tbb  ti libs  Pinm>  bbloi  indicate  the  dbgbee  to  ibzcb 

*11  IXZOflS  All  BBZI6  PZT  BT  TIB  DATA. 

SIB  TUB  ■GJSCAL"  HABOBOOK  ¥01  A  DBTAZLBD  BZPLA1 ATZOI  • 


BUBBBB  PBBCBMT  PBBCBBT  SZ6BZP 
OBSBBVED  EXPECTED 


BAZZ10E  TESTS  P  OSS  IB  IB: 
TOTAL  TESTS: 

SOCCESSES: 

P1ILS1BS: 


108.0 

108.0 

56.0  0.519********* 

52.0  0.A81***************** 


IBSKPEBDEICB :  FACTO!  A  ZS  THE  OUTSIDE  FACTOR. 


OF  B 
OF  C 
BTC. 


12  3 

0.778  0.111  0.778 

0.111  0.444  0.778 


TBIT  SBBBABT  STATISTICS:  ZXDEPBIDBBCB. 


DATA  BATE XX  BBZBO  CHKKBD  FOB  ZBDBPBIDBBCB: 


C  XBDSPSBDBBT  OF  A  AID  B 


BLOCK  1. 

TEST  FZOLATZOVS :  FZBST  0  F II LOBES. 


TEST  SBBBABT  STATISTICS:  ZBDBPBBDBBCB 


appudix  2 


c  nunioni  op  a  aid  b 


TIB  P ALOIS  Pin  TED  BELOV  ZBDXCATB  TBB  DS6BBB  TO  VIZCB 
TIB  AXZOBS  ABB  BUBO  PIT  BT  TBB  BATA. 

SIB  TIB  •GJSCiL"  I A1 EBOOK  POB  A  DETAILED  BXPLAB ATXOB . 


BOBBBB  PBBCBBT  PBBCBBT  SI6IXP 
OBSEBYSD  EXPECTED 


BAZXBOB  TESTS  POSSIBU: 
TOTAL  TESTS: 

sbccbssbs: 

PAILBIBS: 


108.0 

108.0 

66.0 

62.0  0 .389*********« 


IlSBPBIDaCB:  PACTOB  B  IS  TBB  OOTSXDB  FACTOR. 


A 

C 


TEST 


1 

OP  C  0.778 
OP  A  0.111 
SOBHABT  STATISTICS: 


2  3 

0.778  0.778 

0.778  0.778 

DOQBLS  CABCBLLATXOI. 


IATB  BATBXX  BBXI6  CBBCKBD  POB  DOOBLB  CABCBLLATXOI:  BLOCK  1 


BOBBLE  CABCBLLATXOI  XV  AX  B  . 

TEST  fXOLATXOBS:  PIBST  0  PAXLOBBS. 

ETC. 

TBflT  SOM  AIT  STATISTICS:  DOOBLB  CABCBLLATXOI. 


mmn  2 


bo mum  aacsuitzoi  d  1  z  b 


Til  ▼  ALOIS  PBZBTBD  BBLOO  ZBDZCATB  TIB  DEGIBE  TO  BHZCB 
m  AXIOMS  IBB  BBIBC  PZT  BT  TBB  BATA. 

SBB  TBB  »CJSCAL»  BAB  IBOOK  POB  A  DBTAZLBD  EXPLAI ATIOB  • 


BAZZBBB  TBSTS  POSS  ZB  LB: 
TOTAL  TBSTS: 

BOBBBB 

3.0 

1.0 

PBBCBBT 

OBSBBTBD 

PBBCBBT  SZ6BZP 
EXPECTED 

SBCCBSSSSx 

0.0 

0 .0  ♦*•*♦*«** 

IAZLBBBS: 

1.0 

1.000- 

TBSX  SBBBABT  STATISTICS:  BOO ELI  CABCBLLATZOB . 


BOWLS  CABCBLLATZOB  ZB  B  Z  C 


BO  TBSTS  ABB  POSSZBLI  ZB  TBB  BATA. 

TBBT  SOBB All  STATISTICS S  DOOBLB  CABCBLLATZOB. 


BOOB  LB  CABCBLLATZOB  ZB  C  Z  A 


A»mnxx  2 


■O  nss  IBB  POSSIBLE  IB  THB  DATA. 


BBSS  30HHAIY  STATISTICS:  JOIIT  IIDEPBIDEMCE. 


DATA  BASBXZ  BEIK  CHECKED  FOB  JOIIT  I1DBPBIDBICB: 


ABB  I  IDE  PEI  DEBT  OF  C  . 
BLOCKS  1. 


TBST  flOLATIOBSs  FI  1ST  0  FAILOBBS. 


TBST  SBBBABT  STATISTICS:  JOIIT  IIOBPBIOBICB. 


A  X  B  IBOmiOBT  OF  C 


TBB  FALBBS  PBHTBD  BELOV  IIOICATB  TIB  DBG  IE  B  TO  VBICB 
TIB  AXIOBS  ABB  BBXBO  FIT  BT  TBB  BATA. 

SBB  TBB  "CJSCAL*  BAISBOOK  FOB  A  DETAILED  XXPLAIATIOI. 


■OB  BEE  PBBCBIT  PBBCBIT  SIGHT 
OBSERVED  BZPECTBD 


BAXXBQB  TESTS  FOSSIBU:  108.0 

TOTAL  TBITS  s  108.0 

IBCGBSSBSs  68.0 

80.0 


P»g®  9 


VAILDBBS: 


0  .630«*»m**«* 

0 .370 ••••***•♦•*•••••• 


n* 


♦  i 


IfNIDn  2 

03' 
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joxbt-xbdbpbsdsbcss  factor 


C  IS  til  OUTSIDE  FACTOR. 


,  B  OF  C 
OF  I  0  B 
TEST  SD SMART  STATISTICS : 


«  -  0.578 

V  «  0.346 

JOIIT  IB0BPB10SICB. 


BATA  BATRH  BEIIC  CBBCKBD  FOR  JOIIT  XIDBPEIDBBCE: 


»  Z  C  I BDBPBVDBIT  OF  A  . 


BLOCK:  1. 


TIST  IIOLATIOSS:  FIRST  0  FAILURES. 


TBST  SMB  ART  STATISTICS:  JOIIT  IlDBPBBDBICB. 


B  X  C  IIDBPE1DBT  OF  A 


ftt  VALVES  PI II TED  BB.OI  II DI CATE  TBS  DEGREE  TO  VBICB 
TIB  AXIOM  ARB  Eli  16  FIT  BT  THE  DATA. 

SIB  TIB  •GJSCAL*  BAB  IBOOK  FOR  A  DETAILED  BXPLAIATIOI. 


BOBBSB  PEBCBIT  PSBCB1T  SI6BZ7 
OBSBBVBO  BZPECTBO 


108.0 

108.0 

60.0  0.556********* 

68.0  O.M4«**>»*mM**«*M* 


JOOMHIlBMKlt  FACTO! 


A  IS  MB  OOTSZDB  FACTO! . 


B  ,  C  OF  I  «  -  0.437 

A  OP  B  0  C  I  *  0.086 

TtST  SBMABT  STATISTICS!  JOIBT  XBBBPBBBBICB. 


808  JOIST  IBDBPBBDBBCB: 


Cl  A  IBB8PMBBST  OS  B  • 


fUT  fXOLATXOSS :  FI  AST  0  FAILOBBS. 


JOIBT  IB0BPB1DBICB. 


C  Z  A  IIDSPBADEST  07  B 


Til  VALUES  FIXATED  BELOV  I  ADI  CATE  TEE  DBGBBB  TO  VBXCB 
TEE  AZXOBS  ABB  BBXV6  FIT  BT  THE  DATA. 

SEE  THE  •CJSCAL"  HAE EBOOK  70S  A  DETAILED  BXPLAI ATIOH  • 


10HBBB  PEBCSIT  PBBCEIT  S IGA IP 
OBSBBVED  EXPECTED 


BAZXHOB  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

7AZLBBBS: 


108.0 

108.0 

56.0  0.519********* 

52.0  0 .*81 ***************** 


J OUT-1  IDEPEADE ACE :  FACTOR  B  IS  THE  OUTSIDE  FACTOR. 

C  ,  A  07  B  V  ■  0.37V 

B  07  C  #  A  V  *  0.160 

TEST  SD8HABY  STATISTICS:  DISTBIB  CAACBLLATIOV. 

FACTOR  A  IS  THE  OUTSIDE  FACTOR. 

DATA  BATEZZ  BBXB8  CHECKED  FOB  DISTBIB  CAACELLATIOA :  BLOCK: 

TEST  VXOLATXOAS:  FIBST  0  FAI LOBES. 

TEST  SOBBAET  STATISTICS:  DISTBIB  CAVCELLATIOV. 


FACTOR 


A  IS  THE  OBTSZDB  FACTOR 


IfIBSIX  2 
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DISTRIBUTIVE  CAICBLLITIOI 


BBS  f BLOBS  PRIBTBD  BSLOH  INDICATE  THE  DEGHEE  TO  BBICB 
THE  A  HOBS  IBB  BBXB6  FIT  BT  TBB  DATA. 

SBB  TBB  “CJSCAL*  BAB  IBOOK  FOB  A  DETAILED  BZPLAIATIOI. 


I OH BEE  PBBCBBT  PEBCB1T  SI6BIF 
OBSERVED  EXPECTED 


BAXXBOB  TESTS  POSSIB1Z: 
TOTAL  TBSTS: 


F1ILDRSS: 


213.0 

238.0 

208.0 

30.0 


0 . 878 •****••** 

0  •  126*»***»mm«»m*«* 


TEST  SOBS ART  STATISTICS:  DISTRXB  CA VCELLATIOH . 


FACTOR  B  IS  IBB  OOTSIDB  FACTOR. 


DATA  BATRXX  BBIIG  CBBCKBD  FOR  DISTRXB  CABCELLATIOB : 


TEST  TZOLATIORS:  FIRST  0  FAI LORES. 


TBST  SOBBARY  STATISTICS:  DISTRIB  CABCELLATIOB. 


FACTOR  B  IS  TBB  OOTSIDB  FACTOR. 


BLOCK:  1. 


A P  PEI  DO  2 
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DXSTRIBOTIYE  Cl ICELL ATIOB 


TER  ▼  ALOES  PRIBTBD  BELOW  XI DI CITE  THE  DEGREE  TO  IHICH 
TEE  1ZXOBS  ABE  BEX EG  PIT  BI  TEE  DATA. 

SEE  TEE  "CJSCAL*  BAB  IBOOK  FOR  A  DETAILED  EXPLA1 ATIOB  • 


IDHBES  PERCE BT  PBRCSBT  SIGH IP 
OBSERYED  EXPECTED 


BA  HE  OB  TESTS  POSSIBLE:  243.0 

TOTAL  TESTS:  237.0 

SOCGBSSSS :  215.0  0 .907*****+*** 

PAILOBES:  22.0  0 .093*****+****++***** 


TEST  SOBRARY  STATISTICS:  DISTRIB  C ABC ELL AT 101 . 


FACTOR  C  IS  TEE  OOTSXDB  FACTOR. 


BATA  HA Till  BRIHG  CHECKED  FOR  DISTRIB  CABCBLL ATIOB:  BLOCK:  1. 


TEST  FXOLATIOBS :  FIRST  0  FAILURES. 


TRST  SOBBARY  STATISTICS:  DISTRIB  CABCELLATIOB . 


FACTOR 


C  IS  TEE  OOTSXDB  FACTOR 
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•>#  ' 


5 


DISTRIBUTIVE  CAICELLITIOR 


THE  V ALOES  PRIITBD  BELOV  II 01 CATE  THE  DEGREE  TO  BHICH 
TEE  AXXOBS  A  IE  BBII6  FIT  BI  THE  DATA. 

SEE  TEE  «CJSCAL»  BA1DBOOK  FOB  A  DETAILED  EXPLAI ATIOI • 


a 


IOHBBR  PERCE IT  PEACEIT  SIGH IF 
OBSERVED  EXPECTED 


HAXIHOB  TESTS  POSSIBLE : 
TOTAL  TESTS: 


SUCCESSES: 

F1I1BBBS: 


243.0 

212.0 

196.0  0.810e******** 

46.0  0  . 190 ♦****♦*****♦*♦*** 


1 


53 

S3 


appsidix  2 
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S  1  A  T  1  : 

OSO  YBBSIOI  2.0 
APBIL,  1983 
TBOBAS  B.  BYGRBB 
DBPABTBEIT  OP  PSYCHOLOGI 
OHIO  STATE  OBItEBSITY 
404C  8.  17TH  AYBWE 
COLOBBOS,  OHIO 


IOIHBTSXC 
S  C  A  !•  I  1  G 


DATA  HATH IX:  BLOCK  1. 


■mU  BLOCK  BO.  -  1  C  «  1 

A  »  12  3 

B  *  1  21.00  13.00  24.00 

B  «  2  22.00  27.00  8.00 

B  «  3  14.00  2.00  9.00 


C  «  2 

A  *  12  3 

B  *  1  11.00  16.00  23.00 

B  *  2  3.00  7.00  4.00 

B  *  3  10.00  1.00  17.00 


C  «  3 

A  *  12  3 

B  •  1  15.00  5.00  26.00 

B  «  2  12.00  20.00  19.00 

B  -  3  25.00  6.00  18.00 

PABAH1TX1  V ALOES  FOB  DOIBG  COBJ  01  IT  SCALIIG: 


APPBBDH  2 
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BDBBBB  OF  It CTOIS  II  TBS  DBSIGI 
TOTAL  BUBBEB  OF  LBVBLS  OF  ALL  FACTOBS 
■OBBBB  OF  &OCKS  II  TBS  DBSIGI 
BAZZBOB  IT) BBSS  OF  ITSBATIOIS  ALLOVBD 
ABB  TIBS  II  DATA  TO  BB  LEFT  AS  TIBS? 

ABB  LABSLS  PB  OF  ID  ED  BI  TBB  USBB? 

IS  FIIAL  SOLOTIOB  TO  BB  POICBBD  OB  CABDS? 
IS  SOLOTIOB  FBOB  LAST  ITBBATIOB  TO  BB  OSBD? 
IS  HPOT  DATA  TO  BB  BBVBBSBD? 

IS  A  PLOT  OP  TBB  FIT  TO  BB  BADB? 


IBAB  - 


-  BABDOB  BOBBBB  FOB  STABTIBG  TBB  ABALXSIS 

-  BIBIBOB  IBROVBBBBT  CBITBBIOB 

-  COBSTABT  TO  BB  ADDED  TO  SCALB  VALUES 


766S5659 

0.00001 

0.0 


BABDOB  STABTIBG  COBFXGOBATIOB : 


0.452 

0.123 

DATA  BATBIX: 


0.392  0.280  0.158 

0.919  0.408  0.177 

SUBJBCT/BEPUCATIOB  BO. 


0.424 


gm 

BLOCS 

STIB 

LSVBLS  OP 

FACTOBS 

s 

1 

1 

1.0 

0  JO 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

21.0 

1 

2 

1.0 

OjO 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

11.0 

g 

3 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

15.0 

a 

1 

4 

1.0 

OJO 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

22.0 

1 

5 

1.0 

0  JO 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

3.0 

I 

6 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

12.0 

7 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

14.0 

■. 

8 

1.0 

o  ja 

0.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

10.0 

1 

9 

1.0 

OjO 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

25.0 

A 

10 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

13.0 

1 

* 

11 

0.0 

u 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

16.0 

1 

12 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

5.0 

, 

1 

13 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

27.0 

1 

14 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

7.0 

1 

15 

0.0 

1  .0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

20.0 

£2 

1 

18 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

2.0 

B 

t 

17 

0.0 

1  J> 

0.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

1.0 

18 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

6.0 

BPPMDH  2 
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1 

19 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

24.0 

1 

20 

0.0 

0  .0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

23.0 

1 

21 

0.0 

0  JO 

1.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

26.0 

1 

22 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

8.0 

1 

23 

0.0 

0  .0 

1.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

4.0 

1 

2% 

0.0 

0  J> 

1.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

19.0 

1 

25 

0.0 

0  jO 

1.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

9.0 

1 

26 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

17.0 

1 

Hisroil 

27 

OP 

0.0  0.0  1.0  0.0 
XTBBATXYB  COBPOTBTXOVS 

0.0 

1.0 

0.0 

0.0 

1.0 

18.0 

1XXOB 

TAB  IB 

no 

1 

0.75819 

0.03704 

2 

0.25042 

0.32764 

3 

0.23950 

0.34473 

4 

0.23819 

0.38462 

5 

0.23472 

0.35613 

6 

0.23543 

0.36752 

7 

0.23287 

0.35613 

8 

0.23364 

0.37892 

9 

0.23189 

0.36182 

10 

0.23257 

0.37892 

11 

0.23133 

0.36182 

12 

0.23190 

0.37892 

13 

0.23100 

0.36182 

14 

0.23146 

0.37892 

15 

0.23081 

0.36182 

16 

0.23118 

0.37892 

17 

0.23069 

0.36182 

18 

0.23098 

0.37892 

19 

0.23062 

0.36182 

20 

0.23085 

0.37892 

21 

0.23058 

0.36182 

22 

0.23076 

0.37892 

23 

0.23056 

0.36182 

24 

0.23070 

0.37892 

25 

0.23056 

0.36182 

26 

0.23066 

0.37892 

27 

0.23054 

0.36182 

28 

0.23063 

0.37892 

29 

0.23054 

0.36182 

30 

0.23060 

0.37892 

31 

0.23054 

0.36182 

32 

0.23059 

0.37892 

33 

0.23054 

0.36182 

34 

0.23058 

0.37892 

*»aBgafrft  *  jaaaac^ 


<  4  v  'i  fc*»  ‘  S 

5*  v.  r. .»  ■ 

3 

i 

IDZZ  2 

i 

35 

0.23058 

0.36182 

36 

0.23057 

0.37892 

?  *i 

37 

0.23058 

0.36182 

?.:? 

#_  i 

38 

0.23056 

0.37892 

39 

0.23058 

0.36182 

■ 

80 

0.23056 

0.37892 

5 

81 

0.23058 

0.36182 

*■  • 

82 

0.23056 

0.37892 

83 

0.23058 

0.36182 

:* 

88 

0.23055 

0  .37892 

M 

85 

0.23055 

0.36182 

g 

sc*u  mas 

BBLOB  ABE  FRIITED  FR0B 

ITEBATIOH 

£ 

flBXLBLB 

ADDITIVE 

ADDITIVE 

HULTIP 

BOOBL 

RESCALED 

HODEL 

;*<  1 

TXH31 

**0.19906 

27.02857 

0.81950 

•-1  2 

TZB12 

0.83829 

90.35976 

1.58387 

3 

nu3 

>0.22792 

28.13876 

0.79619 

■£  4 

EFFORT 1 

>0.86930 

0.0 

0.62588 

1  5 

EFFOBT2 

0.09193 

56.12321 

1.09629 

6 

EFFOBT3 

0.38197 

85.12750 

1.86517 

STRESS  1 

-0.17967 

28.96308 

0.83558 

3  8 

STRESS2 

0.60735 

107.66515 

1.83556 

9 

STRESS  3 

>0.81786 

5.18383 

0.65885 
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iODinfl  SCALE  VALUES  FOB 
STZB:  LEVELS  2 


t  27  STIHDLX. 
STAIDABD  BSSCALBD 


1 

1 

1 

1 

1 

>0.88803 

26.70898 

2 

1 

1 

2 

-0.06101 

105.80708 

3 

1 

1 

3 

-1.08622 

2.88582 

•d 
■.*  * 

8 

1 

2 

1 

-0.28680 

82.82817 

5 

1 

2 

2 

0.50022 

161.53020 

6 

1 

2 

3 

-0.52899 

59.00898 

:* 

7 

1 

3 

1 

0  .00328 

111.83283 

im 

8 

1 

3 

2 

0.79026 

190.53888 

9 

1 

3 

3 

>0.23895 

88.01323 

w 

10 

2 

1 

1 

-0.21868 

90.08013 

11 

2 

1 

2 

0.57234 

168.78217 

12 

2 

1 

3 

>0.85287 

66.22090 

*j 

13 

2 

2 

1 

0  .38655 

186.16327 

18 

2 

2 

2 

1.13357 

228.86583 

15 

2 

2 

3 

0.10836 

122.38810 

aSKMKBim**:)* 


2 

3 

1 

0.63659 

175.16756 

2 

3 

2 

1 .42362 

253.86972 

2 

3 

3 

0  .39840 

151.34639 

3 

1 

1 

-0.87689 

23.81915 

3 

1 

2 

-0.08987 

102.52122 

3 

1 

,  3 

-1.11506 

0.0 

3 

2 

1 

-0 .31566 

79.94237 

3 

2 

2 

0.47136 

158.64449 

3 

2 

3 

-0  .55385 

56.12315 

3 

3 

1 

-0  .02562 

108.94661 

3 

3 

2 

0.76141 

187.64877 

3 

3 

3 

-0.26381 

85.12744 

IDE IT  ft  PSBDICTIOIS  SOBTBB  BT  DBPEIDBIT.  BLOCK  BO. 


27.000 

0.347 

26.000 

-1.115 

25.000 

-0.235 

24.000 

-0.877 

23.000 

-0.090 

22.000 

-0.287 

21.000 

-0.848 

20.000 

0.108 

19.000 

-0.554 

18.000 

-0.264 

17.000 

0.761 

16.000 

0.572 

15.000 

-1.086 

14.000 

0.003 

13.000 

-0.215 

12.000 

-0.525 

11.000 

-0.061 

10.000 

0.790 

9.000 

-0.026 

8.000 

-0.316 

7.000 

1.134 

6.000 

0.398 

5.000 

-0.453 

4.000 

0.471 

3.000 

0.500 

2.000 

0.637 

1.000 

1.424 

PBSBXCZ1TB  C LIABILITY  «  31.05ft  PEHCEIT 
OB  *  68.946  IP  BATE  ABB  XI  BBTB&SB  OHDBB 
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111  or  BOMBT1ZC  SCI  Hi  C  Al  ALTS  IS. 
BIB  SHY* 
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S  *  A  *  Is 

OSO  VBRSIOI  2.0 
IPKII,  1983 
TBOBAS  S.  BTGRBB 
DSPABTBBBT  OP  PSTCHOLOGT 
OHIO  STATE  OBITBRSITI 
A04C  V.  17TB  AYBBUB 
COLOB BO S#  OBIO 


fXILB:  BXABPLE  BO.  1. 

flKI:  27  STIBOLI.  3X3X3  DBSIGI.  RABDOH  DATA.  (76655659). 
tniB:  1  BABB  S OBJECT.  STIBOLI  ABB  IB  TBZ  BATOBAL  ORDER. 


POBBAT  POB  BBADIBG  IB  BATA  * 
(3P7.2) 


IBITIAL  PABABBTZRS  POB  AB ALTS IS : 


XIX  -  ABB  TESTS  OP  AXIOBS  TO  BE  BADB7  TBS 

XCOB  -  IS  A  COBJOHT  SCALIBB  TO  BB  D01B?  IBS 

IP  -  BOBBBB  OP  PACTOBS  IB  THB  OBSIGB  3 

BILKS  -  BOBBBB  OP  BLOCKS  IB  TBE  OBSIGB  1 

BBBP  -  BOBBBB  OP  SATA  Hi  TRICES  TO  BB  SCALBD  1 

FLAG  -  XS  THERE  BOBB  TBAB  OBB  OBSBBT ATIOB  PER  CELL?  BO 

HTTP  -  BBTBOD  POB  BBADIBG  IB  DATA  BATBICBS  IS:  - 2 

BBPTZ  -  BXSSIB6  DATA  COTOPP  TALOB  IS:  0.0 

OTBD  “  ABB  SOBJBCTS  DATA  TO  BE  ATBBAGZD  BBGABDLBSS?  TBS 

JOBXT  “  OBIT  BOBBBB  POB  XBPOT  OP  DATA  5 

BCABB  -  BOBBBB  OP  UTLX/D BSCR IPTIOI  CARDS  OSBD  3 

BBXBT  -  BAX  BOBBBB  OP  TIOLATIOBS  TO  BB  PBXBTBD  0 

SBPBS  -  SBPPBBSS  PREITIBG  OP  CELL  TIOLATIOBS?  TBS 

BOBBBB  OP  DXBBBSXOBS:  DIB(1)  DIB  (2)  DIB  (3)  DIB  (A)  DIB  (5) 

3  3  3  0  0 


PA BABE? BBS  POB  AXIOH  TBSTIBG  PROCBDORB: 

AXIOBS  TO  BB  TBSTBD:  AXTBSZ1  AXTBST2  AXTBST3  AXTBST4  AXTBST5 

(IBDBP)  (DBLCAB)  (JIBDBP)  (DSTCAB)  (DDCAB) 


abbbbbzx  2 


page  23 


I 


BZSTLY(I)  BZSTLVf 2)  DISTLT(3)  DDSTLT(I)  ODSTLY  (2)  DOSTL?(3) 
IBS  IBS  IBS  BO  BO  BO 


AYBA6BD  BATA  FBOB  A1BBA6ZB6  PBOCBDOBB  s  BLOCK 

BLOCK  SIZBOLSS  AVXSA6B  TALOB 


i 

*. 

% 

■x 

< 

-x 


§\  1 

i 

13.00 

'Jd  1 

2 

21.00 

1 

3 

20.00 

$  1 

0 

8.00 

J3  i 

5 

22.00 

i 

6 

27.00 

7 

2.00 

i  i 

8 

9.00 

9 

10.00 

10 

11.00 

i  i 

11 

16.00 

S3  1 

12 

23.00 

1 

13 

3.00 

|  1 

10 

0.00 

I 

15 

7.00 

1 

16 

1.00 

£  1 

17 

10.00 

4  i 

18 

17.00 

19 

5.00 

■  ■ 

20 

15.00 

1  i 

21 

26.00 

ll’  ^ 

22 

12.00 

1 

23 

19.00 

ii  i 

20 

20.00 

*2  i 

25 

6.00 

i 

26 

18.00 

PS  * 

27 

25.00 

BATA  BATBZX  BBZB6  CBBCKBD  FOB  AZZOB  YZOLATZOBS. 
BLOCK  1.  BEFLZCATZOB  1  OF  1. 


BATBZX  BLOCK  BO. 
A  *  1 

B  *  1  13.00 

B  -  2  8.00 

B  *  3  2.00 


C  *  1 


21.00  20.00 
22.00  27.00 

9.00  10.00 
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1-1 
B  •  2 
B  *  3 


1 

11.00 

3.00 

1.00 


2 

16.00 

4.00 

10.00 


3 

23.00 

7.00 

17.00 


C  ■  2 


A  *  12 

B  *  1  5.00  15.00 

B  •  2  12.00  19.00 

B  *  3  6.00  18.00 

test  s8uut  statistics: 


c  « 


3 

26.00 

20.00 

25.00 

ZIBXPBBBB1CB 


3 


A  XBBSBBBDDT  07  B  AID  C 


TBB  TALUS  PUB  TED  BELOV  IIDICATB  TBS  DEGIBE  TO  BHICH 
TEE  AZXOBS  ABE  BEZIG  PZT  BT  TEE  DATA. 

SEE  TBB  •CJSCAL"  HAIDBOOK  POE  A  DBTAZLED  EZPLA1ATIOI. 


I0HBEB  PBECEBT  PBBCBIT  SIGMIP 
OBSEBTBD  EXPECTED 


BAIZE  OB  TESTS  POSSZB1B: 
TOTAL  TESTS: 

SUCCESSES : 

PAZ LOBES: 


108.0 

108.0 

108.0  1.000********* 

0.0  0.0  •**•****•*•*•***• 


Z  BDEPEI DEICE :  FACTOR 


1 


C  IS  THE  OOTSIDE  FACTOR 


r ■  V  <!  ^A'AlA'4 
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0.778  0.778  0.111 

1.000  1.000  1.000 


TEST  SOBBABY  STATISTICS  :  I ID EP SIDE ICE 


OITA  BATS IX  BEIIG  CHECKED  FOl  IIDBPEIDEICB : 


B  IBOBTBBDBBT  OT  C  AID  A 


BLOCK  1. 

TEST  VIOL  ATI  OBS:  PI  1ST  0  PAILOSBS. 


TSST  SOBBABT  STATISTICS:  ISDEPBBDBBCB. 


p 


B  HDEPEIDEIT  Or  C  ABD  A 


TBB  V ALOIS  PBIBTSD  BALOV  II DI CATE  THE  DE6BEB  TO  IHICB 
TIB  AXIOBS  ABB  BBIH6  FIT  BI  THE  DATA. 

SIB  TBB  •CJSCAL"  BAB  IBOOK  FOB  A  DETAILED  BXPLAVATIOV. 


VOHBBB  PEBCBBT  PBBCBVT  SIGIIP 
OBSERVED  EXPECTED 


BAUMS  TESTS  POSSIBLE: 
TOTAL  TESTS: 


PAILBBBS: 


108.0 

108.0 

56.0 

52.0 


0.5 19 ♦♦******• 

0 .18 1 *♦•••*•****••♦•** 


-  -  *  4«  -j*.  «  m. ^ '  .  '  .  •  i  ^  ■  -  -  •  ^  •  *  •  * 


* 
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2 BBBPBIDBICB :  FACTOR  A  IS  TBS  OOTSIDB  FACTOR  - 


C  OF  B 

B  OF  C 

BTC. 


12  3 

0.333  0.111  0.404 

0.333  0.111  0.333 


TEST  SUBBABX  STATISTICS:  IIDBPBIDBICB. 


BIT A  BATS IX  BBZB6  CBBCKBD  FOB  IIDEPEIDEICE : 


C  IBBXPBIDBBT  OF  A  ABB  B 


BLOCK  1. 

TBST  TZOLATIOBS:  FIRST  0  FAILURES, 


TBST  S8BBABT  STATISTICS:  ZIDBPKBDBBGB . 


C  HDBPBVDBIT  OF  A  AID  B 


TBB  VALUES  PR II TED  BBLOV  II DI CATE  TBB  DEGREE  TO  BHICB 
TBB  A  HOBS  ABB  BBII6  FIT  BT  TBB  DATA. 

SBB  TBB  "CJSCAL*  BAIOBOOK  FOB  A  DETAILED  BXPLAIATIOI. 


I0BBBB  PERCE IT  PBBCSIT  SIGIIF 
OBSBBVED  EXPECTED 


BAXXBBB  TESTS  POSSIBUi 
TOTAL  TESTS: 


108.0 

108.0 

60.0  0.556* 


3 


4  APPERDIX  2  pmqm  27 

i 


I 

1 


FAILURES: 


48.0  o.444*********«**«*«** 


9 


IID8PERDBICB :  FACTOR  B  IS  THE  OUTSIDE  FACTOR. 


1 

OF  C  1.000 

OF  A  0.333 

SO  WARY  STATISTICS  s 


2  3 

1.000  1.000 

0.778  0.778 

DOUBLE  CAVCBLLATXOI . 


DOUBLE  CAICELLATIOI  H  A  X  B 


1 

i 

1 


THE  VALUES  FEU TED  BELOV  IIDICATE  THE  DEGREE  TO  WHICH 
TIE  A XX OHS  ARE  BBIIG  FIT  BT  THE  DATA. 

SEE  TEE  "CJS CAL*  HAHOBOOK  FOR  A  DETAILED  EXPLAV ATIOH  • 


RUBBER  PERCERT  PERCE IT  SIGIIF 
OBSERVED  EXPECTED 


BAXXEUH  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

FAILURES: 


3.0 

2.0 

2.0  1 .000********* 

0.0  0.0  ******«•♦*****•#• 


TEST  SUHHARY  STATISTICS:  DOUBLE  CAICELLATIOI. 


g  DO 


LS  CAICELLATIOI 


B  X  C 


£ 


itraon  2 
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■O  TSSTS  Ul  POSSIBLE  IE  TBS  DATA. 

TUT  SURBARY  STATISTICS:  DOUBLE  CAHCELLATIOB • 


BOBBLE  CABCELLATIOI  IX  C  Z 


TIE  VALUES  PEZBTBD  BELOV  ABDICATE  THE  DEGREE  TO  BHICB 
THE  AXIOMS  ABB  BBIVG  PIT  BI  THE  DATA. 

SEE  THE  "CJSCAL-  BAB IBOOK  FOR  A  DETAILED  BXPLAB ATIOB • 


BOBBER  PERCEBT  PBRCEBT  SIGBIF 
OBSERVED  EXPECTED 


BAXXBOI  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

FAILURES: 


3.0 

1.0 

1.0 

0.0 


1 . 0 00 ****•*•*• 

o.o  ******♦♦**♦•**•*• 


TEST  SUHBARY  STATISTICS:  JOIBT  IBDEPEBDEBCB. 


DATA  MATRIX  BBXBG  CBBCEBD  FOB  JOIBT  IBDEPEBDEBCB: 


A  X  B  IBDBPEBDEBt  OF  C 


BLOCK:  1. 


TEST  VIOLATIOBS :  FIRST  0  FAILURES. 


^  A*  4A  a3a*aA:  a’Vv  ^  V A  a  a 
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I 

$ 

&  TEST  SOHBARX  STATISTICS s  JOIST  IHDEPB1DBSCB. 


1  X  B  ISDBFBXDBST  OP  C 


S'  THB  TALOBS  PBHTBD  BBL08  IBDICATB  THE  OBGBBB  TO  SHICB 
THB  AH  OHS  ABB  BEIBG  PIT  BT  THB  DATA. 

T-.  SBB  THB  •CJSCAL*  HAS EBOOK  POH  A  DETAILED  BXPLAH ATIOB • 


BOBBER  PBBCBST  PBBCEST  SIGIIP 
OBSERVED  EXPECTED 


I 


BAXIHOH  TBSTS  POSSIBLE: 
TOTAL  TESTS: 

SOCCZSSES: 


PA  HOBBS: 


108.0 

108.0 

80.0  0 .701**e**»**e 

28.0  0.259«*»*****«***»*»** 


1 


CH 


$ 

iii 


JOXBT~ISDBFBHDSHGB:  PACTOR  C  IS  THB  OOTSIDB  PACTOR. 

A  ,  B  OP  C  B  -  0.726 

C  OP  A  ,  B  H  »  0.235 

TBST  SO HR ART  STATISTICS:  JOIST  ISDBPBHDBBCB • 

DATA  HATRIX  BBIBG  CHECKED  POE  JOIST  ISDEPBIDBSCB: 

B  X  C  ISDEPBSDBST  OP  A  . 
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BLOCK:  1. 


TEST  VIOLATIONS :  PIBST  0  PH  LOBES. 


TEST  SOHEARY  STATISTICS:  JOIIT  IBDBPBIDEICB. 


B  X  C  IHDSPEHDEHT  OP  A 


THE  VALUES  PBIBTED  BELOV  I10ICATE  TEE  DEGREE  TO  REICH 
TEE  AXIOBS  ABB  BEIBG  PIT  BT  THE  BATA. 

SEX  TEE  •CJSCAL*  BAR IBOOK  POE  A  DETAILED  EXPLAHATIOI. 


■OHBBB  PERCENT  PESCEVT  SI6IIP 
OBSERVED  EXPECTED 


BAXIEQB  TESTS  POSSIBLE: 
TOTAL  TESTS: 


PlILOBSS: 


108.0 

108.0 

80.0 

28.0 


0.7*1*#< 

0.259*** 


>**««*** 


J02BT-IEDBPBBBBHCS:  PACTOR  A  IS  THE  OUTSIDE  FACTOR. 


B  #  C  OP  A 
A  OF  B  ,  C 
TEST  SOBBABT  STATISTICS: 


V  -  0.778 

V  «  1.000 

JOIIT  IlDEPEMDEICE. 
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DATA  HATE IX  BHH6  CHECKED  POE  JOIST  IBDEPEIDENCE: 


C  X  A  I1DEPEBDEHT  OP  B  . 


BLOCK:  1. 


TEST  TIOLATIOIS :  FIRST  0  FAILURES. 


ETC. 


TEST  SOHHARY  STATISTICS:  JOIHT  IIDEPE1DERCE. 


C  X  A  IIDEPEIDHT  OP  B 


THE  ▼ ALOES  PBIBTBD  BELOV  I EDI CATE  THE  DEGREE  TO  HBICB 
THE  AH OHS  ABB  BEIH6  PIT  BT  THE  DATA. 

SEE  THE  ■CJSCAL*  HAHDBOOK  POE  A  DETAILED  BXPLAIATIOI. 


BOBBER  PERCENT  PERCENT  SIGHIF 
OBSERVED  EXPECTED 


HAHBOH  TESTS  POSSIBLE:  108.0 

TOTAL  TESTS:  108.0 

SOCCSSSBS :  78.0  0.722********* 

PAILOEBS:  30.0  0.278********* 


appbs  dh  2 


page  32 


JOIHT-IHDBPSXDEHCE :  FACTOR  B  IS  THE  OUTSIDE  F1CTOB . 

C  |  A  OP  B  I  >  0.719 

B  OF  C  ,  A  ■  «  0.160 

TEST  SOHHABY  STATISTICS:  DISTBIB  CAICELLATIOB . 

FACTO!  A  IS  THE  OUTSIDE  FACTOB. 

DATA  HA TBIZ  BSIBG  CHECKED  FOB  DISTBIB  CAICELLATIOB:  BLOCK:  1. 

TEST  VIOL ATI OHS:  FIBST  0  FAI LOBES. 

TEST  SOHHABY  STATISTICS:  DISTBIB  CAICELLATIOB. 

FACTOB  A  IS  THE  OOTSIDB  FACTOB. 


DISTBIBOTIYS  CA B CELL AT I OB 


THE  Y ALOES  PBIBTBD  BELOB  IB DI CATE  THE  DBG BEE  TO  HBICB 
THE  All OHS  ABB  BEIHG  FIT  BY  THE  DATA. 

SEE  TEE  *CJSCAL*  HABDBOOK  FOB  A  DETAILED  BXPLAHATIOB. 


BOHBEB  PERCE HT  PBBCEBT  SIGIIF 
OBSBBYED  EXPECTED 


■AXXBBB  TESTS  POSSIBLE:  2*3.0 

TOTAL  TESTS:  2*3.0 

SOCCXSSES :  235.0  0.967********* 
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PAILDBBS:  8.0  0.033***************** 

TEST  SOHHARY  STATISTICS S  DISTRIB  CAICELLATIOI . 

PACTOB  B  ZS  THE  OOTSIDE  FACTOR. 

DATA  BATBIZ  BEZB6  CHECKED  FOB  DISTBIB  CAICELLATIOH :  BLOCK:  1. 

TEST  fZOLATIOHS:  FIRST  0  FAILURES • 

TEST  SBHBABY  STATISTICS:  OISTBIB  CAICELLATIOB . 

PACTOB  B  IS  TAB  OUTSIDE  PACTOB. 


DISTBIBOTIFE  CA  BCELL Xf IOB 


THE  ? ALOES  PRIM TED  BELOB  ABDICATE  TEE  DEGREE  TO  WHICH 
T8B  AH  OHS  ABB  BBIHG  FIT  BZ  THE  DATA. 

SBB  THE  "CIS CAL*  HAW EBOOK  FOB  A  DETAILED  EIPLAIATIOI. 


IOHBBB  PBBCEHT  PEBCBHT  SIGH IP 
OBSBBZED  EXPECTED 


HAXZBQH  TBSTS  POSSIBLE: 
TOTAL  TBSTS: 

SSCGBSS8S: 

FAILS BBS: 


243.0 

235.0 

227.0  0.966********* 

8.0  0.034***************** 


I 
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TEST  SOBBABY  STATISTICS:  DISTBXB  CABCELLAT10I . 


FACTO B  C  ZS  IRE  ODTSIDB  FACTO! . 


DATA  HATBIX  BEX 16  CHBCKED  FOB  DISTBXB  CAICBLL ATXOB :  BLOCK:  1. 


TEST  VIOLATIONS :  FXBST  0  FAX  LOBES. 


TEST  SOBHABX  STATISTICS:  DXSTBIB  CAICBLL AXIOM. 


FACTO!  C  IS  THE  ODTSIDB  FACTOR . 


DISTRIBUTIVE  CA BCELLBTIOB 


TEE  VALDES  PI IB TED  BELOV  II DI CATE  TEE  DE6BBB  TO  BHICB 
TEE  AZIOSS  ABB  BBIV6  FIT  BI  TEE  DATA. 

SEE  TEE  “CJSCAL"  BAIOBOOK  FOB  A  DETAILED  EXPLAIATIOI. 


VOBBBE  PEBCBIT  PBBCBVT  SIGHT 
OBSBBVED  EXPECTED 


BAXXBDB  TESTS  POSSIBU:  243.0 

TOTAL  TESTS:  224.0 

SDCCBSSES:  218.0 

FAXLOEBS:  6.0 


0 -973********» 

0 .0 27 eeeeeeeeee* ****** 
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OSO  VEBSIOI  2.0 
APRIL,  1983 
THOHAS  8.  MYGREH 
DEPARTS BIT  OF  PSXCB0L06I 
OHIO  STATB  OHITEBSITY 
808C  R.  17TH  AYEHOE 
COLOMBO Sr  OHIO 


S01HBTRIC 
S  C  A  L  I  H  6 


DATA  HATRH:  BLOCK  1. 


HATRH  BLOCK  HO. 
A  -  1 

B  *  1  13.00 

B  «  2  8.00 

B  »  3  2.00 


•  1 

2  3 

21.00  28.00 
22.00  27.00 

9.00  18.00 


C  •  1 


12  3 

11.00  16.00  23.00 

3.00  8.00  7.00 

1.00  10.00  17.00 


C  »  2 


A  •  12  3 

B  *  1  5.00  15.00  26.00 

B  •  2  12.00  19.00  20.00 

B  *  3  6.00  18.00  25.00 

PARAHETEX  f  ALOES  FOR  DOH6  COBJOIRT  SCALIHG: 
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I 


IF  -  I9BBBR  OF  FACTORS  XI  THE  DSSX6I  3 

B  -  TOTAL  BBBBSB  OF  LEVELS  OF  ALL  FACTORS  9 

■BUS  *  BOBBBR  OF  BLOCKS  II  TAB  DBSI6I  1 

XTBLXH  -  BAXXBBB  BOBBBR  OF  ITBRATXOIS  ALLOWED  60 

lTXBS  -  ARB  TXBS  IB  DATA  TO  BB  LBFT  AS  TIBS?  IO 

LABEL  -  ARB  LABBL5  PROVIDED  BT  THE  OSBR?  IBS 

BPBB  -  IS  FXBAL  SGLDTIOI  TO  BB  POICBBD  01  CARDS?  10 

LASTIT  -  IS  SO  LOT  10 1  FROB  LAST  XTBRATIOI  TO  BB  OSBD?  TBS 

BBBVR  -  IS  IIPOT  DATA  TO  BB  RBfBBSBD?  10 

ZPLOT  -IS  A  PLOT  OP  THE  FIT  TO  BB  BADE?  10 

IRAB  -  RAIDOB  BOBBBR  FOR  STARTU6  THE  AIALTSIS  76655659 
CRITR  -  BIIIBOB  IBBOVBBEBT  CRITBRIOI  0.00001 

START  -  CO 1ST AIT  TO  BB  ADDBD  TO  SCALE  ? ALOES  0.0 


RAIDOB  ST  ARTIES  COIF  XCU  RATIO! 


0.852 

0.123 

DATA  BA IRIK: 


0  .392  0.280  0.158 

0.919  0.808  0.177 

SOBJBCT/RBPLICATIOI  10. 


0.824 


BLOCK  STIB  LEVELS  GF  FACTORS 


1 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

13.0 

1 

2 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

11.0 

3 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

5.0 

8 

1.0 

0  JO 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

8.0 

5 

1.0 

0  J> 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

3.0 

1 

6 

1.0 

0  JO 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

12.0 

1 

7 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

2.0 

1 

8 

1.0 

0  J> 

0.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

1.0 

9 

1.0 

0  J> 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

6.0 

1 

10 

0.0 

1  J> 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

21.0 

1 

11 

0.0 

1  JO 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

16.0 

1 

12 

0.0 

1  jo 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

15.0 

1 

13 

0.0 

1  J> 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

22.0 

1 

18 

0.0 

IjO 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

8.0 

15 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

19.0 

16 

0.0 

IjO 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

9.0 

1 

17 

0.0 

IjO 

0.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

10.0 

1 

18 

0.0 

IjO 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

18.0 

a 


APF0DH  2  page  37 


1 

19 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

29.0 

1 

20 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

23.0 

***  ** 

1 

21 

0.0 

0  JO 

1.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

26.0 

;_S 

1 

22 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

27.0 

1 

23 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

7.0 

■ 

1 

29 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

20.0 

1 

25 

0.0 

o  ja 

1.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

19.0 

1 

26 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

17.0 

1 

BISTORT 

27 

OP 

0.0  0.0  1.0  0.0 
ITERATIVE  COBSOTATIOBS 

0.0 

1.0 

0.0 

0.0 

1.0 

25.0 

5$ 

ZTBl AXIOM 

TBBTA 

TAO 

$ 

1 

0.71267 

0.12251 

2 

0.17316 

0.52137 

£ 

3 

0.19295 

0.63533 

M 

9 

0.15919 

0.63533 

5 

0.19812 

0.69672 

6 

0.16152 

0.62963 

7 

0.15099 

0.62393 

8 

0.15612 

0.69103 

9 

0.15065 

0.62393 

1 

10 

0.15320 

0.69103 

11 

0.15097 

0.62393 

si 

12 

0.15152 

0.69103 

13 

0.15006 

0.62393 

18 

0.15098 

0.63533 

15 

0.19969 

0.69103 

i 

16 

0.19981 

0.63533 

d 

17 

0.19937 

0.69103 

18 

0.19936 

0.63533 

*.  * 

19 

0.19912 

0.69103 

>.i 

20 

0.19905 

0.62963 

21 

0.19892 

0.69103 

n 

V 

22 

0.19889 

0.62963 

23 

0.19877 

0.69103 

■  % 

29 

0.19868 

0.62963 

25 

0.19869 

0.69103 

i 

26 

0.19857 

0.62963 

m 

27 

0.19855 

0.69103 

28 

0.19899 

0.62963 

> 

29 

0.19898 

0.64103 

*j|  SCALE  ▼ ALOIS  BBLOi  ABB  PBIITBD  FROM  ITERATIOR  BO.  29. 

*  i 

*  * 

3 


£5  unnn  2 

| 

...  ..i  n 
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H  VARIABLE 

ADDITIVE 

ADDITIVE 

HOLTIP 

P 

80  ML 

RESCALED 

MODEL 

-j 

H  1  nasi 

0.57923 

98.11780 

1.78467 

M  2  nu2 

-0.07884 

32.31015 

0.92419 

■  3  TZBB3 

-0.40194 

0.0 

0.66902 

0  4  EFFORT 1 

-0.33958 

6.23605 

0.71207 

1 

m  5  XFF01T2 

0.08922 

49.11652 

1.09332 

1 

|  6  XPFOKT3 

0.31210 

71.40445 

1.36629 

i  7  STRESS 1 

-0.14392 

25.80217 

0.86596 

:j 

|  8  STRESS2 

0.56547 

96.74  135 

1.76027 

.i 

■  9  8T1BSS3 

-0.28989 

11.20537 

0.74835 

p  ADDITIVE  SCALE 

VALOBS  FOB  27  STIBOLI. 

m  STMs  LEVELS 

STABDARD 

RESCALED 

- 

.1 

1  111 

1 

0.09573 

112.71448 

p  2  11 

2 

0.80512 

183.65364 

m  311 

3 

-0.05024 

98.11772 

j 

g  4  12 

1 

0.52453 

155.59491 

' 

m  512 

2 

1 .23393 

226.53416 

1  6  12 

3 

0  .37857 

140.99817 

d 

■  7  13 

1 

0.74741 

177.88286 

i 

£3  8  13 

2 

1.45681 

248.82211 

ii  9  13 

3 

0 .60145 

163.28610 

M  10  2  1 

1 

-0.56235 

46.90688 

|  11  2  1 

2 

0.14704 

117.84601 

|  12  2  1 

3 

-0 .70832 

32.31007 

H  13  2  2 

1 

-0.13354 

89.78735 

i 

m  n  2  2 

2 

0.57585 

160.72644 

1  15  2  2 

3 

-0  .27951 

75.19055 

§1  16  2  3 

1 

0.08934 

112.07523 

|  17  2  3 

2 

0  .79873 

183.01439 

□  18  2  3 

3 

-0.05663 

97.47849 

R  19  3  1 

1 

-0.88545 

14.59673 

m  20  3  1 

m  21  3  1 

Ks  22  3  2 

2 

-0.17606 

85.53589 

3 

-1.03142 

0.0 

1 

-0  .45664 

57.47720 

M  23  3  2 

2 

0  .25275 

128.41634 

B  24  3  2 

3 

-0.60261 

42.88040 

■3 

B  25  3  3 

1 

-0.23376 

79.76514 

P  26  3  3 

2 

0.47563 

150.70428 

m  27  3  3 

3 

-0  .37973 

65.16833 

•I 

DBPEIOBVT  6  PREDICTIOIS 

H  27.000  -0.457 

SORTED  BT  DEPBIDERT. 

BLOCK  BO.  1. 

] 

\ 

imuiuuu'i 


V  A 


i 
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26.000 

-1.031 

25.000 

-0.380 

24.000 

-0.885 

23.000 

-0.176 

22.000 

-0.134 

21.000 

-0.562 

20.000 

-0.603 

19.000 

-0.280 

18.000 

-0.057 

17.000 

0.476 

16.000 

0.147 

15.000 

-0.708 

14.000 

-0.234 

13.000 

0.096 

12.000 

0.379 

11.000 

0.805 

10.000 

0.799 

9.000 

0.089 

8.000 

0.525 

7.000 

0.253 

6.000 

0.601 

5.000 

-0.050 

4.000 

0.576 

3.000 

1.234 

2.000 

0.747 

1.000 

1.457 

PBBDICTIVB  CAPABILITY  «  18.519  PBBCZBT 
OB  «  81.481  IP  DATA  ABB  IB  BBVBBSB  OBDBB . 


BID  OP  BOMBttIC  SCALIIG  ANALYSIS. 


BBD  SNAT. 


i 


Am hrfw. 


■  eX  i 
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S  I  A  T  1  2 

OSO  YBRSIOH  2.0 
APBIL,  1983 
THOHAS  E.  BYGBEN 
DBPABTHBHT  OF  PSYCBOLOGT 
OHIO  STATE  OBIYEBSITY 
404C  8.  17TB  AYEBOE 
COLDS BUS,  OHIO 


TITLE:  EXAMPLE  BO.  1. 

TITLE:  27  S TIB OU .  3X3X3  DESIGB.  BABDOH  DATA.  (76655659). 

TITLE:  1  BABE  SUBJECT.  STIMULI  ABE  II  TBE  BATOBAL  OBDEB. 


FOBBAT  FOB  BEADIBG  IB  DATA  - 
(3F7.2) 


IBXTIAL  PABABETEBS  FOB  ABALXSIS : 


IAZ  -  ABB  TESTS  OP  AZIOBS  TO  BE  BADE?  IBS 

ICOB  -  IS  A  COBJOIBT  SCALIBG  TO  BE  DOSE?  YES 

BP  -  BQBBEB  OF  FACTOBS  IB  TBE  DESIGB  3 

BBLES  -  BOBBBB  OF  BLOCKS  II  TBE  DESIGB  1 

IBEP  -  BOBBBB  OF  DATA  BATBICES  TO  BE  SCALED  1 

FLAG  -  IS  THEBE  BOBS  THAI  OflB  OBSBBYATIOB  PEB  CELL?  BO 

XBTYF  -  METHOD  FOB  BEADIBG  IB  DATA  BATBICES  IS:  >2 

BHPTY  -  BISSIBG  DATA  COTOFF  YALOS  IS:  0.0 

OVBD  -  ABB  SOBJBCTS  DATA  TO  BE  AYBBAGBD  BBGABDLESS?  YES 

JBBIT  “  OBIT  BOBBBB  FOB  IBPOT  OF  DATA  5 

BCABD  -  BOBBBB  OF  TITLB/D ES CB IPTIOB  CABDS  DSHD  3 

BBIBT  -  BAX  BOBBSB  OF  YIOLATIOBS  TO  BE  PH IS TED  0 

SOftS  -  SOPPBBSS  PBCBTIBG  OF  CELL  YIOLATIOBS?  YES 

BOBBBB  OP  DIBBBSXOBS:  DIH(1)  DIB  (2)  DIB  (3)  DIB  (4)  DIB  (5) 

3  3  3  0  0 


PABABETEBS  FOB  AIIOB  TBSTIBG  PROCEDURE: 

AXXOBS  TO  BE  TESTED:  AXTBST1  AXTEST2  AXTBST3  AXTEST4  AXTBST5 

(IBDEP)  (DBLCAB)  (JIBDEP)  (DSTCAI)  (DDCAH) 
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TBS  TBS  TBS  IBS 

DISTL?(1)  DISTLT  (2>  DISTLT (3)  DDSTL7  ( 1)  DDSTLT  (2) 
TBS  TBS  TBS  HO  10 

ATBBAGBD  DATA  PBOH  ATBBAGIHG  PBOCBOOBB:  BLOCK  1. 

BLOCK  SXIBOLOS  ATEBAGB  TALOB 


1 

2.00 

2 

9.00 

3 

14.00 

4 

8.00 

5 

21.00 

6 

24.00 

7 

13.00 

8 

22.00 

9 

27.00 

10 

1.00 

11 

4.00 

12 

7.00 

13 

3.00 

14 

10.00 

15 

17.00 

16 

11.00 

17 

16.00 

18 

23.00 

19 

5.00 

20 

15.00 

21 

20.00 

22 

6.00 

23 

18.00 

24 

25.00 

25 

12.00 

26 

19.00 

27 

26.00 

DATA 

BLOCK 


I1ATB1Z  BB1IG  CBBCKBD  FOB  AZZOH  TIOLATIOHS. 
1.  BEPL1CATI0H  1  OP  1. 

i 


H 1TB IX  BLOCK  10.  *  1 

A  «  12 

B  •  1  2.00  9.00 

B  *  2  8.00  21.00 

B  *  3  13.00  22.00 


3 

14.00 

24.00 

27.00 


C  «  1 


HO 

DDSTL¥(3) 

HO 


ph  dh  2 
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B  *  1 
B  *  2 
B  *  3 


1.00  4.00  7.00 

3.00  10.00  17.00 

11.00  16.00  23.00 


k  *  1  2 

B  *  1  5.00  15.00 

B  *  2  6.00  18.00 

B  *  3  12.00  19.00 

fBST  SOBS  AST  STATISTICS: 


3 

20.00 

25.00 

26.00 


C  *  3 


INDEPENDENCE. 


A  INDEPENDENT  OP  B  AID  C 


15!  PHIBTBI>  BBLOB  IBDICATE  THE  DB6EEB  TO  1HICH 

THE  AXIOMS  ABB  BEIIG  PIT  BX  THE  DATA. 

SEE  THE  "CJSCAL*  BAM EBOOK  POE  A  DETAILED  EXPLANATION . 


NOB BEE  PEBCBNT  PERCENT  SIGH IP 
OBSBBYED  EXPECTED 


haubob  tests  possible: 

TOTAL  TESTS: 

S0CCSSS8S: 

PAI1DEES: 


108.0 

108.0 

108.0  1.000********* 

0.0  0.0  ***************** 


INDEPENDENCE:  FACTOR  C  IS  THE  OOTSIDE  FACTOR . 

-j 

12  3 


3 
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B  OP  A  1.000  1.000  1.000 

A  OP  B  1.000  1.000  1.000 

TEST  SOHBABX  STATISTICS:  IIDBPBVDBICB. 


B  XBDEPBIDEIT  OP  C  AID  A 


TBS  P ALOES  PS H TED  BELOV  II DI CATE  THE  DEGBEB  TO  VHICB 
THE  All OHS  AES  BSIIG  PIT  BT  TBE  DATA. 

SEE  THE  »CJSCAL*  HAIDBOOK  POE  A  DETAILED  BXPLAIATIOI. 


■OHBEB  PEBCEIT  PBBCBIT  SIGIIP 
OBSEBVED  EXPECTED 


H 


3 

Vi 


HA XI HUH  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SOCCBSSES: 

PAILOBES: 


108.0 

108.0 

108*0  1 .0  00e*******e 

0.0  0.0  •*•♦******••**•«* 


1 


3 


I I0BPBI DEICE :  PACTOB  A  IS  TBE  OOTSIDE  PACTOB. 

12  3 

C  OP  B  0.778  0.778  0.778 

B  OP  C  1.000  1.000  1.000 

ETC. 


TEST  SOHBABX  STATISTICS:  IIDEPEIDBICB. 
BATA  8ATBIX  BEIIG  CHECKED  POB  IIDEPEIDBICB: 


C  IIDXPXIDEIT  OP  A  AID  B 


»  .  *  - 


1mA L. 
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BLOCK  1. 

TEST  VIOLATIONS  :  FIRST 

TEST  SO HEART  STATISTICS: 


0  FAILURES. 

I HDEPBBDBBCE . 


C  IN DBFS  N DSN T  OF  A  AID  B 


TRB  VALORS  PRIRTBD  BELOV  INDICATE  THE  DEGREE  TO  VBICB 
THE  AXIOMS  ARB  BEING  FIT  BT  THE  DATA. 

SBB  THE  "CJSCAL*  HANDBOOK  FOR  A  DETAILED  EXPLANATION. 


NOHBSR  PERCENT  PERCENT  SIGNIF 
OBSERVED  BXPECTED 


HAHN  OH  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

FAILURES  : 


108.0 

108.0 

88.0  0.815********* 

20.0  0 . 185***************** 


INDEPENDENCE:  FACTOR 


B  IS  TBE  OOTSIDE  FACTOR. 


1 

A  OF  C  1.000 

C  OF  A  1.000 

TEST  SOHHART  STATISTICS: 


2  3 

1.000  1.000 

0.778  1.000 

DOUBLE  CANCELLATION. 


BATA  BATE IX  BEING  CHECKED  FOR  DOOBLB  CANCELLATION:  BLOCK  1. 
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-tj 


i 


DOUBLE  CABCELLATIOB  H  AX  B  . 

TEST  YXOLATXOOS s  PXBST  0  F AI LOBES. 

nc. 

TEST  SOU  AST  STATISTICS:  DOOBLB  CAVCSLLATIOI . 


5 


DOUBLE  CAICELLATIOM  H  A  X  B 


TBS  ¥ ALOES  PBXBTBD  BELOB  IIDICATE  THE  DEGREE  TO  BBICB 
TBB  AXXOBS  ABB  BEXB6  PIT  BT  TBE  DATA. 

SBB  TBB  "CJSCAL*  BABDBOOK  FOB  A  DETAILED  EX  PL  AB  ATI  OB. 


1 


BOHBEB  PEBCEBT  PBBCBBT 
OBSESSED  EXPECTED 


^  BAXXBOB  TESTS  POSSIBLE: 

TOTAL  TESTS: 


I 


I1ZLOBBS: 


3.0 

3.0 

2.0  0.667**«*»***** 
1.0  0.333**»***a** 


STATISTICS:  DOUBLE  CABCELLATIOB • 


* 

.j 


DOODLE  CABCELLATIOB  XB  B  X  C 


TBB  T ALOES  PBXBTBD  BELOB  XBDXCATB  TBE  DE6BBB  TO  BBICB 
TBB  AXXOBS  ABB  BBXB6  FIT  BT  TBB  DATA. 

SBB  TBB  •CJSCAL*  BABDBOOK  FOB  A  DETAILED  EXPLABATIOB. 


i 


SI6BIF 


******* 
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BOBBER  PEBCBBT  PBRCBBT  SXGBIP 
OBSEBVBD  EXPECTED 


BAXXBOH  TESTS  POSSIBLE: 
TOTAL  TESTS: 


P1I1JD1BS: 


3.0 

1.0 

1.0 

0.0 


1 .000****+*+** 

0.0  ***************** 


TEST  SO BESET  STATISTICS:  DOUBLE  CAICBLLATIOH . 


DOBBLE  CAICELLATIOI  H  C  X  A 


TBB  PAUSES  PBIBTBD  BELOW  IBDXCATS  TBB  DEGEBB  TO  WBICH 
TBB  AXXOBS  ABB  BEIBG  PIT  BT  TBB  DATA. 

SEE  TBB  •CJSCAL*  HABOBOOK  POE  A  DETAILED  BXPLAM ATION • 


I0HBEB  PEBCBBT  PEBCEBT  SIGBIP 
OBSBRPED  EXPECTED 


4 


BAUBOB  TESTS  POSSIBLE: 
TOTAL  TESTS: 


P1ILDBBS: 


3.0 

1.0 

1.0 

0.0 


1 .000**++****+ 

0 .0  ***************** 


TEST  SQBBABT  STATISTICS:  JOIBT  IBDBPEBDBBCB . 


DATA  BA  Till  BEIBG  CHECKED  POB  JOIBT  IBDEPBBDSBCE : 


A  I  B  IBDEPBBDBBT  OP 


BLOCK:  1 


APPENDIX  2 


I  V 

SJ 
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VI  TEST  VIOLATIONS :  FIRST  0  FAILURES. 

Li 


BTC. 


TEST  SOHHARY  STATISTICS:  JOINT  INDEPENDENCE • 


H 

I 

I 


A  X  B  INDEPENDENT  OF  C 


TBB  f ALOES  PR II TED  BELOV  ABDICATE  THE  DEGREE  TO  HHICH 
TEE  AH OHS  ABB  BEING  FIT  BY  THE  DATA. 

SEE  THE  “CJSCAL"  HAB  IBOOK  FOB  A  DETAILED  BXPLAB ATIOB • 


BOBBER  PERCENT  PBRCSBT  SIGBIF 
OBSEBYBD  EXPECTED 


BAXIHOH  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

PAILOBBS: 


108.0 

108.0 

98.0  0.907********* 

10.0  0 .093***************** 


jj 


3 


JOINT-INDEPENDENCE:  FACTOR 


C  IS  THE  OOTSIDE  FACTOR. 


A  ,  B  OF  C 
C  OF  A  0  B 
TEST  SO  HR  ARY  STATISTICS: 


I  *  0.937 

V  -  0.753 

JOINT  INDEPENDENCE. 
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nn  BATBXX  BIZK  CBBCKED  FOB  JOIR  IBDEPEBDEBCB: 


B  X  C  XBDBPX10XBT  OF  A  . 


BLOCK:  1. 


TEST  YXQLATI01S:  FI  1ST  0  FIX  LOSES. 


TEST  S0BB1BT  STATISTICS:  JOIBT  IBDEPEBDEBCB. 


B  X  C  IBDXPX1DEBT  OF  A 


THE  T ALOES  PBIBTBB  BELOH  XBOXCATB  THE  DX6BBB  TO  HHICH 
THE  AH  OHS  ABB  BBIHG  FIT  BT  THE  DATA. 

SEE  THE  •CJSCAL*  HAS  IBOOK  FOB  A  BET AXLED  EXPLAIATIOI. 


10HBBB  PEBCBHT  PEBCEHT  SIGH IP 
OBSBBfBD  EXPECTED 


HA XX HOB  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

FAXLIVBBS: 


108.0 

108.0 

100.0  0 .926 **♦**♦*♦* 

8.0  0.074 •♦•*********•*♦*• 


i 
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I 


i 


c.%1 


*:> 

■<•1 


M 


JOIBT-IRDEPEBDEBCX :  FACTOR  A  IS  THE  OUTSIDE  FACTOR. 

B  ,  C  OF  A  1  «  0.956 

A  OF  B  ,  C  B  *  1.000 

TEST  SOHHARY  STATISTICS:  JOIBT  I1DEPENDE HCE • 

BATA  HATS IX  BEX 16  CHBCKED  FOB  JOIBT  I1DBPBBDB1CE: 

C  X  A  XBDEPBBDEB  OF  B  • 

BLOCK:  1. 


3 


TEST  SBHBAET  STATISTICS:  JOIBT  XlBEPBBBBBCE. 


I 


TEST  VIOLATIOHS:  FIRST  0  FAILURES. 


C  X  A  IBDEPEBDRHT  OF  B 


1 


& 


.*.1 


3 


TEE  VALUES  PR II TED  BELOV  IBDICATE  THE  DEGREE  TO  WHICH 
TEE  A XI OHS  ARE  BEIM6  FIT  BX  THE  DATA. 

SEE  THE  "CJSCAL*  HAB  IBOOK  FOB  A  DETAILED  BXPLABATIOB . 


BOBBER  PBRCEBT  PERCBBT  SIGH IF 
OBSERVED  EXPECTED 


HAXXBOB  TESTS  POSSIBLE:  108.0 

TOTAL  TESTS:  108.0 

SUCCESSES:  94.0 

FAILURES:  14.0 


i  A  . 


0  .870********* 

0 .130 ***************** 
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JOIBT-IBDEPEIDERCB :  FACTOR  B  IS  THE  OOTSIOE  FACTOR. 


C  ,  A  OF  B  B  «  0.919 

B  OF  C  ,  A  R  «  1.000 

TEST  SOHRAXY  STATISTICS:  DISTRIB  CANCELLATION . 


FACTOR  A  IS  THE  OOTSIOE  FACTOR. 


DISTRIBUTIVE  CAVCELL  ATI  01 


TIB  VALORS  Pill  TED  BELOB  ABDICATE  TEE  DEGREE  TO  BHICH 
TIB  A  HOBS  ARE  BBIBG  FIT  BT  THE  DATA. 

SEE  THE  •CJSCAL*  BAB IBOOK  FOR  A  DETAILED  BZPLAB ATIOB • 


BOBBER  PERCEBT  PERCEBT  SIGBIF 
OBSERVED  EXPECTED 


BAXIBBB  TESTS  POSSIBLE:  293.0 

TOTAL  TESTS:  290.0 

SUCCESSES;  290.0  1.000********* 

TAILS KBS:  0.0  0.0  ***************** 


TEST  SOMARY  STATISTICS:  DISTRIB  CABCELLATIOB 
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1 


1 

I 


I 


FACTOR 


B  IS  THE  OUTSIDE  FACTOR. 


DISTRIBUTIVE  CANCELLATION 


TBB  VALUES  FEU TED  BELOV  IIDICATB  THE  DEG BEE  TO  HHICH 
TBS  A XI OHS  ABE  BXIIG  FIT  BT  THE  DATA. 

SBB  TBB  "CJSCAL*  HANDBOOK  FOB  A  DETAILED  EXPLANATION • 


BOBBER  PERCENT  PERCENT  SIGIIF 
OBSERVED  EXPECTED 


HA  XI  HOB  TESTS  POSSIBLE: 
TOTAL  TESTS: 


F1IXJDUS: 


2*3.0 

231.0 

231.0 

0.0 


1.000********* 

0 .0  ***************** 


TEST  SO EH ART  STATISTICS:  DISTRIB  CANCELLATION. 


FACTOR 


C  IS  TBS  OOTSIDB  FACTOR. 


BISTBIBOTIV B  CANCELLATION 


TBB  VALUES  PRINTED  BELOV  INDICATE  THE  DEGREE  TO  VHICH 
TBB  AXXOBS  ABB  BBIIG  FIT  BT  THE  DATA. 

SBB  TBB  "CJSCAL"  HAN EBOOK  FOR  A  DETAILED  EXPLANATION. 


BOBBER  PERCENT  PERCENT  SIGNIF 


^  •  -  J*  . 
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OBSERVED  EXPECTED 


Bill  HOB  TESTS  POSSIBLE; 
TOTIL  TESTS: 

SUCCESSES: 

PlI ID  KBS: 


243.0 

221.0 

221.0  1.000***e*e«e* 

0.0  0.0  *•♦*••♦*********• 
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S  ■  A  T  1  s 

OSU  VBBSIOI  2.0 
APRIL,  1983 
THOHAS  E.  HIGHER 
DEPART!! BUT  OP  PSICH0L06I 
OHIO  STATE  DRIVER SI TI 
404C  V.  17TH  AVEHOE 
COLO HBOS,  OHIO 


■  ORBBTRIC 
S  C  A  L  I  R  6 


DATA  BA TlH :  BLOCK  1. 


HAT1IX  BLOCK  RO.  »  1  C  «  1 

A  *  12  3 

B  «  1  2.00  9.00  14.00 

B  -  2  8.00  21.00  24.00 

B  *  3  13.00  22.00  27.00 


C  *  2 

A  *  12  3 

B  ■  1  1.00  4.00  7.00 

B  *  2  3.00  10.00  17.00 

B  -  3  11.00  16.00  23.00 


C  *  3 

A  -  12  3 

B  »  1  5.00  15.00  20.00 

B  •  2  6.00  18.00  25.00 

B  -  3  12.00  19.00  26.00 

PARAMETER  VALDES  FOR  DOIBG  CO HJ 01  IT  SCALII6: 


APPBIDIX  2 


IP  -  IOHBEB  OP  KACTOBS  II  THX  DESIGN  3 

ft  -  TOTH  10 BBSS  OP  LEVELS  OP  ILL  FACTOBS  9 

■BUS  -  IOHBEB  OP  BLOCKS  II  TIB  DESIGI  1 

ITBLlft  -  BAXIBOH  IOHBEB  OP  ITBBATIOIS  ALLOWED  60 

XTIBS  “  IBS  TIBS  II  DATA  TO  BB  LEFT  AS  TIBS?  BO 

UBBL  -  ABB  LABBLS  PBOVIDBD  BT  TBB  DSBB?  IBS 

IPOB  -  IS  PXIAL  SCLOTIOI  TO  BB  POICBBD  01  CABDS?  10 

LAS  TIT  -  IS  SOLBTIOI  PBOH  LAST  ITBBATIOI  TO  BB  OSBD?  IBS 

■BBVB  -  IS  HPOT  DATA  TO  BB  BBVBBSBD?  BO 

XPLOS  -  IS  A  PLOT  GP  TBB  PIT  TO  BB  BADB?  10 

IBAI  -  BA IDO H  IOBBBB  FOB  STABTIB6  TBB  AIALXSIS  76655659 

CXITB  -  BIIIHOH  IBPBOVBHBIT  CBITBBIOI  0.00001 

STABT  -  COISTAIT  TO  BB  ADDBD  TO  SCALB  VALOBS  0.0 


1ABDOB  STABT IMG  OOIFIBOBATIOI s 


0.052 

0.123 

BATA  HATBIX: 


0392  0.280  0.158 

0.919  0.008  0.177 

SOBJBCT/BBPLICATIOI  10. 


0.020 


stib 

LBVBL! 

»  GP 

FACTOBS 

1 

1.0 

0  3 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

2 

1.0 

03 

0.0 

1.0 

0.0 

0.0 

1.0 

3 

1.0 

03 

0.0 

1.0 

0.0 

0.0 

0.0 

0 

1.0 

03 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

5 

1.0 

03 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

6 

1.0 

03 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

7 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

8 

1.0 

C  3 

0.0 

0.0 

0.0 

1.0 

0.0 

1.0 

9 

1.0 

03 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

ii 

0.0 

13 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

12 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

13 

0.0 

13 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

10 

0.0 

13 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

15 

0.0 

13 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

16 

0.0 

13 

0.0 

0.0 

1.0 

1.0 

0.0 

17 

0.0 

13 

0.0 

0.0 

1.0 

0.0 

1.0 

18 

0.0 

13 

0.0 

0.0 

1.0 

0.0 

SS] 
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1 

19 

0.0 

0.0 

1.0 

1.0 

1 

20 

0.0 

0  JO 

1.0 

1.0 

1 

21 

0.0 

0  JO 

1.0 

1.0 

1 

22 

0.0 

0  JO 

1.0 

0.0 

1 

23 

0.0 

0.0 

1.0 

0.0 

1 

29 

0.0 

0.0 

1.0 

0.0 

1 

25 

0.0 

0  JH 

1.0 

0.0 

1 

26 

0.0 

0 

1.0 

0.0 

1 

27 

0.0 

0.0 

1.0 

0.0 

BISTORT 

OF 

ITBBATIVB  COflPOT ATIOBS 

0.0 

0.0 

1.0 

0.0 

0.0 

19.0 

0.0 

0.0 

0.0 

1.0 

0.0 

7.0 

0.0 

0.0 

0.0 

0.0 

1.0 

20.0 

1.0 

0.0 

1.0 

0.0 

0.0 

29.0 

1.0 

0.0 

0.0 

1.0 

0.0 

17.0 

1.0 

0.0 

0.0 

0.0 

1.0 

25.0 

0.0 

1.0 

1.0 

0.0 

0.0 

27.0 

0.0 

1.0 

0.0 

1.0 

0.0 

23.0 

0.0 

1.0 

0.0 

0.0 

1.0 

26.0 

1SIOI 

TBBTA 

TAD 

1 

0.69915 

0.13390 

2 

0.09606 

0.66952 

3 

0.03770 

0.85185 

9 

0.038 16 

0.76068 

5 

0.09278 

0.83976 

6 

0.09127 

0.76068 

7 

0.09091 

0.81766 

8 

0.09118 

0.79987 

9 

0.09079 

0.81766 

10 

0.09127 

0.81766 

11 

0.09069 

0.81766 

12 

0.09031 

0.81197 

13 

0.09006 

0.82336 

19 

0.03968 

0.80627 

15 

0.03955 

0.82336 

16 

0.03920 

0.81197 

17 

0.03909 

0.82906 

18 

0.03878 

0.81766 

19 

0.03869 

0.82906 

20 

0.03892 

0.81766 

21 

0.03839 

0.82906 

22 

0.03810 

0.81766 

23 

0.03809 

0.82906 

29 

0.03783 

0.81766 

25 

0.03777 

0.82906 

26 

0.03758 

0.81766 

27 

0.03753 

0.82906 

28 

0.03736 

0.81766 

29 

0.03732 

0.82906 

30 

0  .037 17 

0.81766 

31 

0.03713 

0.82906 

32 

0.03699 

0.81766 
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35 

0.03681 

0.82336 

36 

0.03670 

0.81766 

37 

0.03667 

0.82336 

38 

0.03657 

0.81766 

39 

0.03654 

0.82336 

AO 

0.03645 

0.83476 

41 

0.03643 

0.82336 

12 

0.03634 

0.83476 

A3 

0.03632 

0.82906 

AA 

0.03625 

0.83476 

45 

0.03623 

0.82906 

A6 

0.03616 

0.81766 

A7 

0.03614 

0.82906 

48 

0.03608 

0.83476 

49 

0.03607 

0.82906 

SCALE  7 ALOES 

BBLOO  ABE  FRIETED  FROB 

ITERATION  HO.  49. 

VARIABLE 

ADDITIVE 

ADDITIVE 

HOLTIP 

BO  BEL 

RESCALED 

BODBL 

1 

TXBB1 

0.53627 

91.02934 

1.70961 

2 

TIBB2 

0.06835 

44.23808 

1.07074 

3 

TIBB3 

<0.33720 

3.68282 

0.71377 

4 

EFFORT  1 

0.53945 

91.34785 

1.71507 

5 

EFVOBT2 

0.00231 

37.63358 

1.00231 

6 

BFFOST3 

-0.37403 

0.0 

0.68796 

7 

STRESS 1 

0.02237 

39.64011 

1.02263 

8 

STEBSS2 

0.43457 

80.85989 

1.54430 

9 

STRESS 3 

-0.09924 

27.47910 

0.90553 

ADDITIVE  SCALE  ▼  ALOES  FOB  27  ST  ISO  LI. 


STIH: 

LEVELS 

STA1DARD 

RESCALED 

1 

1 

1 

1 

1.09809 

190.85530 

2 

1 

1 

2 

1.51029 

232.07501 

3 

1 

1 

3 

0.97648 

178.69434 

4 

1 

2 

1 

0.560  95 

137.14104 

5 

1 

2 

2 

0.97315 

178.36084 

6 

1 

2 

3 

0.43934 

124.98006 

7 

1 

3 

1 

0.18461 

99.50754 

8 

1 

3 

2 

0.59681 

140.72733 

9 

1 

3 

3 

0.06300 

87.34653 

10 

2 

1 

1 

0  .630  18 

144.06404 

11 

2 

1 

2 

1.04238 

185.28384 

Sm 


•ere 

■ 

w  *.T 

wy,r'' 

jb  |  -j'i  - 

.  «* 

*  • 

I 

KFPnOZZ  2 

• 

1 

12 

2 

1 

3 

0.50857 

131.90308 

13 

2 

2 

1 

0.09306 

90.36985 

n 

2 

2 

2 

0 .50526 

131.56956 

15 

2 

2 

3 

-0.02857 

78.18886 

16 

2 

3 

1 

-0.28330 

52.71628 

p 

17 

2 

3 

2 

0.12890 

93.93607 

s 

18 

2 

3 

3 

-0.60691 

60.55527 

19 

3 

1 

1 

0.22663 

103.50885 

_ 

20 

3 

1 

2 

0.63683 

166.72865 

•".1 

21 

3 

1 

3 

0.10302 

91.36785 

22 

3 

2 

1 

-0.31252 

49.79659 

23 

3 

2 

2 

0.09968 

91.01437 

«‘-j 

21 

3 

2 

3 

-0.63613 

37.63358 

25 

3 

3 

1 

-0.68885 

12.16102 

26 

3 

3 

2 

-0.27665 

53.38080 

27 

3 

3 

3 

-0.81066 

0.0 
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OUnOBIT  6  PUDICTIOiS  SOBTBD  BY  DEPBBDEBT. 


BLOCK  BO.  1. 


27.000 

26.000 

25.000 

20.000 

23.000 

22.000 

21.000 

20.000 

19.000 

18.000 

17.000 

16.000 

15.000 

18.000 

13.000 

12.000 

11.000 

10.000 

9.000 

8.000 

7.000 

6.000 

5.000 

6.000 

3.000 

2.000 

1.000 


-0.689 

-0.810 

-0.636 

-0.313 

-0.277 

-0.283 

0.093 

0.103 

-0.605 

-0.029 

0.100 

0.129 

0.509 

0.225 

0.185 

0.063 

0.597 

0.505 

0.630 

0.561 

0.637 

0.639 

0.976 

1.062 

0.973 

1.098 

1.510 
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PBBDICTIVS  CAPABILITY  *  9.117  PEBCBIT 

OB  -  90 .883  IP  BATA  ABB  IB  BEYBBSB  OB  DEB. 


mum  2 


page  59 


S  1  A  T  1  : 


OSO  VERSIOM  2.0 
APRIL,  1983 
THOMAS  B.  M1CSBBM 
DEPARTMEBT  OP  PSYCHOLOGY 
OHIO  STATB  OHVEHSITI 
404C  B.  17TH  AVEIOE 
COLOMBO S,  OHIO 


T11U:  EXAMPLE  MO.  1. 

Tins:  27  STIMULI.  3X3X3  DBSI6I.  HAMDOH  DATA.  (76655659). 
TITLES  1  BA  IK  SUBJECT.  STIMULI  ABE  III  THE  MATOBAL  ORDSB. 


POBSAT  POE  READI1G  IM  DATA  « 
(317.2) 


IHXTIAL  PARAMETERS  PCS  AMALYSIS: 


I  AX  -  ARB  TESTS  OP  AXIOMS  TO  BE  MADE?  YES 

ICOM  -  IS  A  COBJOHT  SC  A  LIB  TO  BE  DOME?  YES 

IP  -  BOBBER  OP  VECTORS  IB  THE  DBSIGB  3 

BBLKS  *  BOBBER  OP  BLOCKS  IB  THE  DBSIGB  1 

BEEP  -  BOMBER  OP  DATA  MATRICES  TO  BE  SCALED  1 

FLAG  -  IS  THERE  BORE  THAR  ORB  OBSERYATIOB  PER  CELL?  BO 

XBTYP  -  METHOD  POR  READIBG  IB  DATA  MATRICES  IS:  *2 

EMPTY  -  HI  SSI  EG  DATA  COTOPP  VALDE  IS:  0.0 

OPRD  -  ARB  S OBJECTS  DATA  TO  BE  AVERAGED  REGARDLESS?  YES 
JORXT  -  OBIT  BOBBER  POR  IHPOT  OP  DATA  5 

BCABD  -  BOMBER  OP  STLX/DBSCBIPTIOH  CARDS  OSED  3 

IRIBT  -  BAX  BOBBER  OP  VIOLATIOSS  TO  BE  PRXBTBD  0 

SO PIS  -  SUPPRESS  PEXHTIHG  OP  CELL  VIOLATIORS?  YES 


BOMBER  OP  DIHEBSIOIS:  DIM  (1)  DIM  (2)  DIM  (3)  DIB  (4)  DIB  (5) 

3  3  3  0  0 


PARAMETERS  POR  AXIOM  TBSTIBG  PROCEDURE: 

AXIOMS  TO  BE  TESTED:  AXTEST1  AIT E ST 2  AXTBST3  AXTEST4  AXTEST5 

(IBDBP)  (DBLCAB)  (JIBDEP)  (DSTCAI)  (DDCAB) 


AWoVv-'f'-  **. v* v-'.  v. 


•  * •  * » 
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TBS 

TBS 

TBS  TBS 

10 

DISTLT(I)  DISTL?  (2) 

DISTLT (3) 

OOSTLT  ( 1)  DDSTLT  (2) 

DDSTLT (3) 

IBS  TBS 

TBS 

10 

10 

10 

BBAGBD  BATA  FHOH  ATEBAGI1G  PROCEOOBB: 

BLOCK  1. 

BLOCK  STIR 0 LOS  ATB BAGS  TALOE 


1 

1.00 

2 

4.00 

3 

7.00 

4 

3.00 

5 

10.00 

6 

17.00 

7 

11.00 

8 

16.00 

9 

23.00 

10 

2.00 

11 

9.00 

12 

14.00 

13 

6.00 

14 

18.00 

15 

24.00 

16 

12.00 

17 

19.00 

18 

26.00 

19 

5.00 

20 

15.00 

21 

20.00 

22 

8.00 

23 

21.00 

24 

25.00 

25 

13.00 

26 

22.00 

27 

27.00 

DATA  BATBXX  BBIMC  CHICKED  FOB  AZIOB  TXOLATIOKS. 
BLOCK  1.  BEPLICATIOB  1  OF  1. 


Birin  BLOCK  HO.  *  1  c  *  1 

A  *  12  3 

B  *  1  1.00  4.00  7.00 

B  •  2  3.00  10.00  17.00 

ft  m  %  ll.fift  Ift.OO  911-00 


AFFXBDXX  2 


page  61 


B  *  1 
B  -  2 
B  *  3 


C  *  2 

12  3 

2.00  9.00  14.00 

6.00  18.00  24.00 

12.00  19.00  26.00 


1  -  12 

B  «  1  5.00  15.00 

B  »  2  8.00  21.00 

B  «  3  13.00  22.00 

TEST  SQUAB  I  STATISTICS: 


3 

20.00 

25.00 

27.00 


C  « 


IIDBPEIDEICB 


3 


A  IBDBFBHDSBT  OF  B  ABO  C 


FBI  T ALOES  PBIBTBD  BELOV  IVDICATB  TEE  DEGBEE  TO  REICH 
MS  A XX OHS  ABB  BBIEG  FIT  BT  THE  BATA. 

SBB  TBB  •GJSCAL*  HAH  IBOOK  FOB  A  DETAILED  BXPLAH  ATIOE  • 


IOBBBB  PBBCBRT  PEBCEHT  SIGIIF 
OBSEBVBO  EXPECTED 


BAXXBM  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SOCCBSSSS: 

FAILBBBS: 


I  IMP  El  DEICE:  FACTOR  C  IS  THE  OOTSXDX  FACTOR. 


108.0 

108.0 

108.0  1 .000** ***•••* 

0.0  0.0  *•*•***♦*••**•**• 


1 


2 


3 


m 
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B  OF  A  1.000  1.000  1.000 

A  OF  B  1.000  1.000  1.000 

VIST  SOHHABI  STATISTICS:  INDEPENDENCE. 


B  IBDBFSH DEBT  OF  C  AHD 


TIE  1  ALOES  PBXSTED  BELOW  INDICATE  TEE  DEGREE  TO  WHICH 
THE  AH  OHS  ABB  BBI1G  FIT  BT  THE  DATA. 

SEE  THE  "CJSCAL*  HANDBOOK  FOB  A  DETAILED  EZFLAHATIOH. 


BOBBER  PBBCSHT  PERCENT  SIGHIF 
OBSERVED  EXPECTED 


BAXIHOH  TESTS  POSSIBLE: 
TOTAL  TESTS: 


FAILOBES: 


108.0 

108.0 

108.0 

0.0 


1 .000»******** 

0 .0  *>«*«m****mM 


INDEPENDENCE:  FACTOR 


A  IS  THE  OUTSIDE  FACTOR. 


1  2 

C  OF  B  1.000  1.000 

B  OF  C  1.000  1.000 

TEST  SOHHABI  STATISTICS:  INDEPENDENCE. 


3 

1.000 

1.000 


C  INDEPENDENT  OF  A  AND 


TIB  WALOBS  PRINTED  BELOW  IIDICATB  THE  DEGREE  TO  WHICH 
TIB  AXXOBS  ABB  BBIH6  FIT  BT  THB  DATA. 


•  ( •  *  •  '  ■  ‘  *  '  _  •  ’  ^  *  n 

 »  *1*.  A  A  .i  >  »  - 
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SSX  THE  "CJSCA1*  BII  IBOOK  70S  A  DETAILED  B XPL  Al ATIOI . 


BAXXBOB  TBSTS  POSSIBLE: 
TOTAL  TBSTS: 


71IL0BBS: 


BOBBBB  PBBCBIT  7BBCBBT  SI6BI7 
OBSBBTBD  EXPECTED 


108.0 

108.0 

108.0 

0.0 


1 .000**e*****e 

0.0  **•*•***•*♦****♦♦ 


XBSBPBBDBBCB:  FACTO B  B  XS  THE  OOTSIDB  FACTOB. 

12  3 

A  OF  C  1.000  1.000  1.000 

C  OF  A  1.000  1.000  1.000 

TEST  SOBBABY  STATISTICS:  DOOBLB  CABCBLLATIOI • 


BATA  BATBH  BBIIG  CHECKED  FOB  DOOBLB  CAICBLLATXOH : 


BLOCK  1, 


CABCBLLATIOI  IB  AX  B  . 


TEST  VXQLATXOBS:  FI  1ST  0  FAXL01SS. 


TEST  SOBBABY  STATISTICS:  DOOBLB  CABCBLLATIOI. 


DOOBLB  CABCBLLATIOI  XI  A  X  B 


TBB  Y ALOIS  P1HT8D  BBLOI  XIDXCATB  TBB  DB6BBB  TO  IBXCB 
TBB  AXXOBS  ABB  BBXIG  FIT  BY  TBB  DATA. 


APPSHDIX  2 


SEE  THE  •CJSCAL*  BAH EBOOK  FOB  A  DETAILED  EXPLAHATIOB. 


IOHBBB  PBBCBET  PBRCBET  SIGH IP 
OBSERVED  EXPECTED 


I  AH  BUB  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

FAILURES: 
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0 .667***** 
0.333***** 


****** 


TEST  SO BE ART  STATISTICS:  DOUBLE  CARCBLLATIOH , 


DOUBLE  CAHCBLLATIOI  IE  B  X  C 


TBS  VALUES  PRIBTED  BELOW  IHDICATE  THE  DEGREE  TO  IBICH 
TBB  A XI OHS  ARE  BBIHG  FIT  BY  THE  DATA. 

SBB  TBB  "GJSCAL*  BAH EBOOK  FOR  A  DETAILED  BXPLAH ATIOH • 


BOBBER  PBRCBHT  PERCEHT  SIGHIP 
OBSERVED  EXPECTED 


BAXXBUB  TESTS  POSSIBLE: 


FAILURES: 


1 .000********* 

0 .0  ***************** 


TEST  SUBBAR I  STATISTICS:  DOUBLE  CAHCBLLATIOI. 


DOODLE  CA ICE LLATIOH  II  C  X  A 
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TBS  VELDES  PRINTED  BELOB  INDIC1TE  THE  DEGREE  TO  RHXCB 
TBB  EXXOBS  ERE  BBXSG  PXT  BX  THE  DATE. 

SSB  THE  "CJSC1L"  HER  OBOOK  FOR  E  DBTEILBD  EXPLANATION. 


BOBBER  PER CERT  PERCENT  SIGNIP 
OBSERVED  EXPECTED 


BEXXBOB  TESTS  POSSIBLE: 
TOTAL  TESTS: 


flXLDRBS: 


1 .000 **•**•*♦* 

0 .0  eeeeeeeeeeeeeeeee 


TEST  SOBBEBI  STATISTICS:  JOINT  INDEPENDENCE. 


DESE  BETBXZ  BEING  CBBCKED  FOR  JOINT  INDEPENDENCE: 


E  X  B  INDEPENDENT  OF  C 


:  1. 


TEST  VIQLETIOBS :  FIRST  0  F EX LORES. 


TEST  SOBBERT  STETXSTXCS:  JOINT  INDEPENDENCE. 


E  Z 


IT  OF  C 


WTO 
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TBS  TIL DBS  PBIBTBD  BELOW  IIDIC1TE  THE  DEGHEE  TO  WHICH 
THB  1 XX OHS  ABE  BSXIG  PIT  BT  THE  DATA. 

SBB  THB  •CJSCAL*  BAH  IBOOK  FOB  A  DETAILED  BXPLAH ATIOB • 


HOHBBB  PBBCEHT  PBBCBWT  SIGHIP 
OBSEBVED  EXPECTED 


BAXXHOH  TESTS  POSSIBLES 
TOTAL  TESTS: 

SUCCESSES: 

PAILS  BBS: 


108.0 

108.0 

102.0  0.944 ***♦♦*♦** 

6.0  0 .056******1*********** 


JOHT-I WDSPEWDBHCE :  PACTOB 


C  IS  THE  OOTSIDE  PACTOB. 


A  ,  B  OF  C 
C  OP  A  0  B 
TEST  SBHHABY  STATISTICS: 


W  «  0.963 

W  *  1.000 

JOIST  IMDBPBHDB BCE . 


BATA  HATBXX  BBIWG  CBBCKED  FOB  JOIST  IHDBPBBDBBCB: 


B  X  C  IBDEPEBDBBT  OP  A  . 


BLOCKS  1. 


TEST  VX0LATI0WS S  PIBST  0  PAI LOBES. 


TUt  BBHBABT  STATISTICS:  JOIBT  IWDBPEWDBWCB. 
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B  Z  C  XBDSPBBDBBT  OF  1 


IBB  V BLOBS  PBIBTED  BBLOB  XBDXCBTB  IBB  DB6RBB  TO  VHXCB 
YOB  B XX OSS  BBB  BBXBG  PXI  BT  IBB  DBTB. 

SBB  YOB  ■CJSCBL*  BBB  WOOS  FOB  B  DBYBXLBD  BXPLBHBTXOB. 


BOBBBB  PBRCBHT  PBBCBBI  SI6BIF 
OBSBBVBD  EXPECTED 


BBXXBOB  YBSYS  POSSIBLE: 
YOYBL  YBSYS: 

SBCCBSSBS: 

FBILBBBS: 


108.0 

108.0 

102.0  0.9M»*****»** 

6.0  0 .056***************** 


■  i 

'•1 


3 

•l 


JOXBT-XBDBFBBDBBCB:  FBCYOB 


B  XS  YHB  OOYSIDB  FBCYOB. 


B  r  C  OF  B  1  «  0.967 

B  OF  B  ,  C  B  *  1.000 

YBSY  SBBBBBY  SYBYXSY1CS:  JOXBT  XBDBFBBDBICE . 

s. 


BBYB  BBYBXX  BBXB8  CHOCS ID  FOB  JOXBT  XBDBPBBOBBCB 
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J 


ETC. 


TEST  S0BBAE1  STATISTICS:  JOINT  INDEPENDENCE. 


C  X  A  INDEPENDENT  OP  B 


THE  VALUES  PXIETBD  BELOV  INDICATE  TEE  DBG REE  TO  BBICH 
TBX  AXXOBS  AXX  BEING  PIT  BT  THE  DATA. 

SXX  T8X  ■CJSCA1*  BANDBOOK  POX  A  DETAILED  EXPLANATION. 


NOBBXB  PERCENT  PERCENT  SIGNIP 
OBSEBVBD  EXPECTED 

i 

i 


BAXIHOB  TESTS  POSSIBLE:  108.0 

TOTAL  TESTS:  108.0 

SOCGBSSXS:  100.0 

PHLOXES:  8.0 


0 -926********* 

0 .07%***************** 

i 


JOINT-INDEPENDENCE:  FACTOR 


$  IS  TEE  OOTSIDE  FACTOR . 


C  ,  A  OP  B 
1  OP  C  f  A 
TEST  SDNBAEt  STATISTICS: 


V  -  0.959 

«  -  1.000 

DISTBIB  CANCELLATION. 


PACTOE 


A  IS  TBX  OUTSIDE  PACTOE 


DI3TBIB0TIVE  CA ICBLL KTIOI 


THE  VALOIS  PBIMTBD  BELOV  II DI CATE  THE  OEGBEB  TO  VBICB 
TEE  A  HOBS  ABE  BBII6  PIT  BT  TEE  DATA. 

SEE  TEE  "CJSCAL*  BAK EBOOK  POE  A  DETAILED  BXPLAIATIOH. 


IOBBBK  PBSCBBT  PEBCEHT  SIGIIP 
OBSEBVED  EXPECTED 


BAZZBQB  TESTS  POSSIBLE: 
TOTAL  TESTS: 

SUCCESSES: 

PAI LOBES: 


243*0 

240.0 

240.0  1.000********* 

0.0  0.0  ***************** 


TEST  SQBBABY  STATISTICS:  DISTBIB  CAMCELL AT 10 I. 


PACTOB  B  IS  TEE  OOTSIDB  PACTOB. 


DISTBIB OT IVE  CABCELLITIOB 


TEE  f  ALOES  TBIETED  BELOV  ZIDIGATB  THE  DE6BSE  TO  VB1CH 
TEX  A  HOBS  ABB  BBZIG  PIT  BT  TEE  DATA. 

SEX  TEX  "CJSCAL*  BAB IBOOK  POB  A  DETAILED  EZPLAVATIOI. 


I0HBBB  PBBCBVT  PEBCEHT  SIGIIP 
OBSEBVED  BZPSCTBD 


ItniDIZ  2 


page  70 


BAXXBOB  TBSTS  POSSIBLE: 
TOTAL  TBSTS: 

SDCCBSSBS: 

PI  HOBBS: 


243.0 

231.0 

231.0  1.000********* 

0.0  0.0  ***************** 


TBST  SOBfliBT  STATISTICS:  DISTBIB  CABCBLLATIOB. 


PACT OB  C  IS  THB  OOTSIDB  PACTOB. 


DISTBIB 0TITE  CABCBLLATIOB 


TBB  f  ALOIS  P BIB TED  BELOV  XBDXCATB  TBB  DB6BBB  TO  BBICH  3 

TBB  AHOBS  ABB  BBIBG  PIT  BT  TBB  DATA. 

SBB  TBB  ■CJSCAL*  BAM  ISO  OK  FOB  A  DETAILED  B  XPLAI ATIOB  • 


BOBBBB  PBBCBBT  PBBCBBT  SI6MIP 
OBSBBVBD  BZPBCTED 


BAHBOB  TBSTS  POSSIBLE: 


PAILOBBS: 


243.0 

224.0 

224.0  1.000********* 

0.0  0.0  ***************** 


& 


.3! 
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S  «  A  T  1  : 


OSO  VBBSIOI  2.0 
APBXL*  1983 
THOHAS  E.  ITGHEM 
DEPABTHBKT  OP  PSYCHOLOGY 
OHIO  STATE  OHIYEBSITY 
404C  8.  17TH  AYSHOE 
COL  OB  BUS,  OHIO 


■  OHHBTBIC 
S  C  A  L  I  ■  G 


DATA  HA  TEH  r  BLOCK  1. 


HATH  IX  BLOCK  10.  *  1  C  -  1 

A  -  12  3 

B  *  1  1.00  4.00  7.00 

B  «  2  3.00  10.00  17.00 

B  »  3  11.00  16.00  23.00 


C  *  2 

A  *  12  3 

B  «  1  2.00  9.00  14.00 

B  *  2  6.00  18.00  24.00 

B  *  3  12.00  19.00  26.00 


C  *  3 

A  «  12  3 

B  «  1  5.00  15.00  20.00 

B  -  2  8.00  21.00  25.00 

B  •  3  13.00  22.00  27.00 

PABAHETKI  Y ALOES  FOB  DOUG  COVOIHT  SCALIBG: 
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IF  -  BOBBER  OF  FACTORS  II 

TBB  DBSIGI 

3 

H  -  TOTAL  BOBBER  OF  LEVELS  OF  ALL  FACTORS 

9 

BUS  -  BOBBER  OF  BLOCKS  II  TBB  DBSIGI 

1 

ZTBLIB  -  BAXIBOB  BOBBER  OF  ITBRATIOIS  ALLOBED 

60 

HISS  *  ARE  TIBS 

II  DATA  TO  BE  LEFT  AS  TIBS? 

10 

LABEL  -  ABB  LABELS  PROVIDED  BT  TBB 

USER? 

IBS 

ip  in  -  is 

FIIAL 

SOLOTXOI  TO 

BE  POICBED 

01  CARDS? 

■0 

LASTIT  -  IS 

SOLBTIOI  F ROB  LAST  ITBRATIOI 

TO  BE  USED? 

IBS 

IRBVR  -  IS 

II  POT 

DATA  TO  BE  REVERSED? 

■0 

IPLOT  -  IS 

A  PLOT  OP  THE  FIT 

TO  BE 

BADE? 

10 

IBAB  -  RAIDOB  BOBBER  FOR  STARTII6  TBB 

Al ALTS IS  76655659 

CBIIB  “  BIIZBOB  IBBOVEBEIT  CRITBRIOI 

0 

.00001 

START  -  COISTAIT 

TO  BE 

ADDED 

TO  SCALE  VALUES 

0 

.0 

RAIDOB  STABTIK  GOIFIGORATIOI s 

0.452 

0.392 

0.280 

0.158 

0.824 

0.122 

0  .919 

0.408 

0.177 

DATA  BAIRIXs 

SOBJSCI/RBPLICATIOI 

10. 

1 

BLOCK  ST IB 

LEVBU 

S  OP  FACTORS 

1  1 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

1  2 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

2.0 

1  3 

1.0 

OjO 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

5.0 

1  0 

1.0 

0  JO 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

3.0 

1  5 

1.0 

OjO 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

6.0 

1  6 

1.0 

OJO 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

8.0 

1  7 

1.0 

0  JO 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

11.0 

1  8 

1.0 

0  JO 

0.0 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

12.0 

1  9 

1.0 

0  JO 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

13.0 

1  10 

0.0 

1  jO 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

4.0 

1  11 

0.0 

1  JO 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

9.0 

1  12 

0.0 

1J0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 

15.0 

1  13 

0.0 

1  JO 

0.0 

0.0 

1.0 

0.0 

1.0 

0.0 

0.0 

10.0 

1  10 

0.0 

1  JO 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

18.0 

1  15 

0.0 

1  JO 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

21.0 

1  10 

0.0 

1  JO 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

16.0 

1  17 

0.0 

1.0 

rwH 

1.0 

l'H»MB 

1.0 

0.0 

19.0 

1  18 

1.0 

0.0 

EEm 

IPvl 

1111,  EUSH 

I*W'— 

0.0 

22.0 

1FF0DXX  2 
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19 

0.0  0.0 

1.0  1.0 

20 

0.0  0.0 

1.0  1.0 

21 

0.0  0.0 

1.0  1.0 

22 

0.0  0.0 

1.0  0.0 

23 

0.0  0  jO 

1.0  0.0 

24 

0.0  0  J) 

1.0  0.0 

25 

0.0  0.0 

1.0  0.0 

26 

0.0  0  JO 

1.0  0.0 

27 

0.0  0  J> 

1.0  0.0 

OF  ITSBITITB  COHPOTATIOBS 

lATIO* 

TB2ZA 

no 

1 

0.45855 

0.36182 

2 

0.05190 

0.78917 

3 

0.02784 

0.86895 

4 

0.03471 

0.86895 

5 

0.03536 

0.88034 

6 

0.03216 

0.86325 

7 

0.03515 

0.89174 

8 

0.03193 

0.86325 

9 

0.03252 

0.88034 

10 

0.03193 

0.84615 

11 

0.03150 

0.88034 

12 

0.03140 

0.84615 

13 

0.03097 

0.88034 

14 

0.03070 

0.86325 

15 

0.03063 

0.88034 

16 

0.03028 

0.84615 

17 

0.03012 

0.88034 

18 

0.03003 

0.86325 

19 

0.02978 

0.88034 

20 

0.02962 

0.84615 

21 

0.02951 

0.88034 

22 

0.02932 

0.86325 

23 

0.02930 

0.88034 

24 

0.02898 

0.84615 

25 

0.02914 

0.89744 

26 

0.02879 

0.86325 

27 

0.02891 

0.88034 

28 

0.02848 

0.84615 

29 

0.02887 

0.89744 

30 

0.02037 

0.86325 

31 

0.02853 

0.88034 

32 

0.02820 

0.86325 

33 

0.02846 

0.89744 

34 

0.02809 

0.86325 

7.0 

14.0 

20.0 

17.0 

24.0 

25.0 

23.0 

26.0 

27.0 


35 

0.02822 

0.88039 

36 

0.02792 

0.86325 

37 

0.02818 

0.89799 

38 

0.02783 

0.86325 

39 

0.02796 

0.88039 

90 

0.02769 

0.86325 

HI 

0.02793 

0.89749 

92 

0.02761 

0.86325 

93 

0.02779 

0.88034 

99 

0.02799 

0.86325 

95 

0.02773 

0.89794 

96 

0.02793 

0.86325 

97 

0.02756 

0.88034 

98 

0.02732 

0.86325 

99 

0.02755 

0.89744 

50 

0.02727 

0.86325 

51 

0.02790 

0.88034 

52 

0.02718 

0.86325 

53 

0.02790 

0.89744 

59 

0.02713 

0.86325 

55 

0.02726 

0.88034 

56 

0.02705 

0.86325 

57 

0.02727 

0.89744 

58 

0.02782 

0.86325 

59 

0.02719 

0.88034 

60 

0.02699 

0.86325 

SCALB  7 ALOES 

BBLOB  ABB  1KZBTBB  FBOB 

ZTBBATZOI  BO.  60. 

f AKZABLB 

ABBZTZ7B 

AD0XTZ7B 

BOLTZP 

SOUL 

BBSCALBO 

BODEL 

1 

TZBX1 

0.64 196 

98.04871 

1.90020 

2 

TZBB2 

0.00920 

34.27293 

1.00421 

3 

TZBS3 

-0.33853 

0.0 

0.71282 

4 

SPF0KT1 

0.44491 

78.34354 

1.56034 

5 

BF70BT2 

0.07085 

40.93829 

1.07342 

6 

BFF0BT3 

-0.32282 

1.57121 

0.72411 

7 

STBS SSI 

0.42791 

76.64359 

1.53404 

8 

STBBSS2 

0.06181 

40.03439 

1.06376 

9 

9TBBSS3 

-0.07823 

26.03014 

0.92475 

ABSZTZVB  SCALE  T ALOIS  FOB  27  STZBBLZ. 


ST  IB:  LSTBLS 


ST  AIDA  HD 


BBSCALBD 


3NtllVt;img«3*<X*ti!3 
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I 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


1  1 
1  1 
1  1 
1  2 
1  2 
1  2 
1  3 

1  3 

1  3 

2  1 

2  1 
2  1 
2  2 
2  2 
2  2 
2  3 

2  3 

2  3 

3  1 

3  1 

3  1 

3  2 

3  2 

3  2 

3  3 

3  3 

3  3 


1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 


1.51477 
1.14868 
1.00863 
1.14072 
0.77462 
0.63458 
0.74705 
0.38095 
0.24091 
0.87701 
0.51092 
0.37088 
0.50296 
0.13687 
-0.00318 
0 .10929 
-0.25680 
-0.39685 
0.53428 
0.16819 
0.02815 
0.16023 
-0.20586 
-0.34590 
-0  .23344 
-0.59953 
-0.73958 


DZKIDCVT  8  P8BDICTI08S  SOBTBO  BX 


225.43439 

188.82512 

174.82089 

188.02919 

151.42001 

137.41579 

148.66208 

112.05292 

98.04871 

161.65866 

125.04948 

111.04526 

124.25346 

87.64427 

73.64003 

84.88638 

48.27719 

34.27293 

127.38571 

90.77658 

76.77232 

89.98053 

53.37134 

39.36708 

50.61343 

14.00426 

0.0 

DBPBBDBBT. 


BLOCK  BO.  1. 


27.000 

-0.740 

26.000 

-0.600 

25.000 

-0.346 

24.000 

-0.206 

23.000 

-0.233 

22.000 

-0.397 

21.000 

-0.003 

20.000 

0.028 

19.000 

-0.257 

18.000 

0.137 

17.000 

0.160 

16.000 

0.109 

15.000 

0.371 

14.000 

0.168 

13.000 

0.241 

12.000 

0.381 

11.000 

0.747 

10.800 

0.503 
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9.000  0.511 
0.000  0.635 
7.000  0.534 
6.000  0.775 
5.000  1.009 
4.000  0.877 
3.000  1.141 
2.000  1.149 
1.000  1.515 


ruDxani  capability  «  5.128  pbbcsit 
01  »  94.872  XT  DATA  All  XI  1XTX8SS  ORDER. 


SVD  OF  lOBinxe  SCAUIG  A1ALXSXS. 


B8D  SWAT 


